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No Brasil, a legislação vigente para a fabricação de queijos artesanais é a Instrução 
Normativa n° 30, de 07 de agosto de 2013, do Ministério da Agricultura, Pecuária e 
Abastecimento. A produção artesanal de queijos no Brasil constitui uma atividade 
pouco documentada, porém a prática queijeira se difundiu nas fazendas e pequenas 
propriedades rurais por todo o território nacional, gerando produtos variados e 
apreciados pelos consumidores. Apesar de sua importância na cultura e alimentação 
brasileira, inexistem estudos para elucidar a ecologia microbiana dos queijos 
artesanais brasileiros através de ferramentas avançadas como a metagenômica. O 
conhecimento da microbiota e suas interações nos queijos artesanais brasileiros 
precisam ser elucidados, visando o fortalecimento dos padrões de qualidade e 
segurança característicos destes produtos. Sendo assim, o principal objetivo deste 
trabalho foi caracterizar a diversidade microbiana de diferentes tipos de queijos 
artesanais produzidos no Brasil, envolvendo 578 amostras. A microbiota de 11 tipos 
de queijos provenientes de cinco regiões geográficas foi investigada pelo 
sequenciamento do gene 16S rRNA. Além disso, foram coletadas amostras do 
ambiente de processamento de queijos artesanais (matérias-primas, produto final e 
esponjas superficiais) em três fazendas da região da Serra da Canastra, Brasil, 
totalizando 24 amostras, para a investigação da ecologia microbiana e analisadas 
pelo método independente de cultivo, através do sequenciamento do amplicon. Os 
resultados mostraram que as bactérias produtoras do ácido láctico foram 
prevalentes em todos os tipos de queijos, embora Enterobacteriaceae e 
Staphylococcus tenham ocorrido em queijos das regiões Norte, Nordeste e Central 
do Brasil. Os gêneros Streptococcus, Leuconostoc, Lactococcus e Lactobacillus 
foram encontrados, combinados diferentemente em termos de abundância relativa 
de acordo com o tipo de produto e a região produtora. Em cultura starter natural e 
em amostras de queijo curado, houve o predomínio de bactérias lácticas 
(Lactobacillus, Streptococcus, Lactococcus e Leuconostoc), importantes para 
conferir as características desejadas ao produto final. Por outro lado, possíveis 
contaminantes como Pseudomonas, Staphylococcus, Pasteurella, Enterobacter, 
Klebsiella e Acinetobacter, foram encontrados em amostras de leite cru, piso e pano 
de dessoragem. Esses resultados são importantes porque fornecem um 
mapeamento microbiológico dos queijos brasileiros, destacando o impacto da origem 
geográfica e o modo de produção na diversidade microbiana. Além disso, a 
caracterização destes queijos contribui para o estabelecimento de ações que 
garantam a qualidade e segurança microbiológica destes produtos. 
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The Normative Instruction n° 30 of August 7th, 2013 from Ministry of Agriculture, 
Livestock and Food Supply (MAPA) is the legislation for artisanal cheese production 
in Brazil. The production of artisanal cheese constitutes a seldom documented 
activity in Brazil. Despite this, the practice of producing cheeses has been spread 
throughout the years in farms and small rural properties in Brazilian territory leading 
to the development of a variety of products that are highly appreciated by consumers. 
Despite its importance in Brazilian food and culture, there are no studies to elucidate 
the microbial ecology of Brazilian artisanal cheeses through advanced tools such as 
metagenomics. The knowledge of the microbiota and its interactions in Brazilian 
artisanal cheeses needs to be elucidated in order to strengthen the quality and safety 
standards characteristic of these products. Thus, the main objective of this work was 
to characterize the microbial diversity of different types of artisanal cheeses produced 
in Brazil, involving 578 samples. The microbiota of 11 types of cheeses from five 
geographic regions was investigated by sequencing the 16S rRNA gene. In addition, 
samples from the processing environment of artisanal cheeses (raw materials, final 
product and surface sponges) were collected from three farms in Serra da Canastra 
region, Brazil, totalizing 24 samples for investigation of the microbial ecology and 
analyzed by culture independent method, through the amplicon sequencing. The 
results showed that lactic acid bacteria were dominant in all types of cheeses, 
although Enterobacteriaceae and Staphylococcus occurred in cheeses from North, 
Northeast and Central of Brazil. The genera Streptococcus, Leuconostoc, 
Lactococcus and Lactobacillus were found, combined differently in terms of relative 
abundance according to the type of product and the producing region. In natural 
starter culture and ripened cheese samples there were the dominance of lactic acid 
bacteria (Lactobacillus, Streptococcus, Lactococcus and Leuconostoc), important to 
confer the desired characteristics on the final product. On the other hand, possible 
contaminants as Pseudomonas, Staphylococcus, Pasteurella, Enterobacter, 
Klebsiella and Acinetobacter, were found in raw milk, floor and cheesecloth samples. 
These results are important because they provide a microbiological mapping of 
Brazilian cheeses, highlighting the impact of geographical origin and the mode of 
production on microbial diversity. In addition, the characterization of these cheeses 
contributes to the establishment of actions that ensure the quality and microbiological 
safety of these products. 
 








In Brasile, la normativa per la produzione di formaggi artigianali è l‟Istruzione 
Normativa n° 30 del 7 agosto 2013, del Ministero dell'Agricoltura, Zootecnia e 
Alimentazione. La produzione di formaggio artigianale in Brasile è un'attività 
scarsamente documentata, ma la pratica del caseificio è diffusa in fattorie e piccole 
fattorie su tutto il territorio nazionale, generando prodotti assortiti e apprezzati dai 
consumatori. Nonostante la sua importanza nella cultura brasiliana e 
nell'alimentazione, non c'è nessuna ricerca per chiarire l'ecologia microbica dei 
formaggi artigianali brasiliani attraverso strumenti avanzati come metagenomica. La 
conoscenza del microbiota e le sue interazioni nei formaggi artigianali brasiliani 
devono essere chiarite, al fine di rafforzare la caratteristica di qualità e la sicurezza di 
questi prodotti. Pertanto, l'obiettivo principale di questo studio è stato quello di 
caratterizzare la diversità microbica di diversi tipi di formaggi artigianali prodotti in 
Brasile, coinvolgendo 578 campioni. Il microbiota di 11 tipi di formaggi provenienti da 
cinque regioni geografiche è stato studiato dal sequenziamento del gene 16S rRNA. 
Inoltre, sono stati raccolti campioni dall'ambiente di produzione dei formaggi 
artigianali (materie prime, prodotto finale e spugne di superficie) in tre caseifici, nella 
regione di Serra da Canastra, Brasile, con un totale di 24 campioni, per lo studio 
dell'ecologia microbica e sono stati analizzati mediante il metodo coltura 
indipendente, attraverso il sequenziamento dell'amplicon. I risultati hanno mostrato 
che i batteri lattici sono prevalenti in tutti i tipi di formaggi, sebbene Enterobacteria e 
Staphylococcus si siano verificati nei formaggi delle regioni del nord, nord-est e 
centro del Brasile. Sono stati trovati i generi Streptococcus, Leuconostoc, 
Lactococcus e Lactobacillus, combinati in modo diverso in termini di abbondanza 
relativa, secondo il tipo di prodotto e la regione di produzione. In coltura starter 
naturale e campioni di formaggi stagionati erano predominante i batteri lattici 
(Lactobacillus, Streptococcus, Lactococcus e Leuconostoc), importante per conferire 
le caratteristiche desiderate per il prodotto finale. D'altra parte, possibili contaminanti 
come Pseudomonas, Staphylococcus, Pasteurella, Enterobacter, Klebsiella e 
Acinetobacter, sono stati trovati in campioni di latte crudo, pavimento e panno di 
sineresi. Questi risultati sono importanti perché forniscono una mappatura 
microbiologica dei formaggi brasiliani, evidenziando l'impatto dell'origine geografica e 
il modo di produzione sulla diversità microbica. Inoltre, la caratterizzazione di questi 
formaggi contribuisce alla creazione di azioni che garantiscono la qualità e la 
sicurezza microbiologica di questi prodotti. 
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Os queijos artesanais são produzidos em muitos países e são 
amplamente apreciados, com propriedades específicas dependendo da região onde 
são produzidos; estes produtos são geralmente produzidos em pequena escala 
utilizando técnicas tradicionais (Randazzo et al., 2009; Martins et al., 2015).  
As propriedades sensoriais dos queijos tradicionais podem ser 
influenciadas por diversos fatores, como o ambiente, clima, pastagem natural, raça 
dos animais e pelo microbioma do leite cru e do ambiente de produção (Licitra, 
2010).  
A legislação brasileira para a fabricação de queijos artesanais é a 
Instrução Normativa nº 30 de 07 de agosto de 2013, que permite a comercialização 
de queijos artesanais maturados por um período inferior a 60 dias, quando estudos 
técnicos e científicos comprovam que a redução do período de maturação não 
compromete a sua qualidade e segurança (Brazil, 2013). 
No Brasil existem vários tipos de queijos artesanais, como:  
 Queijo Marajó, feito com leite de búfala na Ilha do Marajó, Norte do 
Brasil (Silva et al., 2014);  
 Queijo Coalho, um produto típico da região Nordeste do Brasil, com 
um sabor levemente salgado e ácido (SILVA et al., 2012);  
 Queijo Manteiga, obtido pela coagulação do leite com ácidos 
orgânicos de grau alimentício, remoção do soro do leite, lavagem e adição de 
manteiga de garrafa (Brasil 2001), amplamente consumido na região nordeste do 
Brasil (Cruz et al., 2009); 
 Queijo Caipira, produzido na região Central do Brasil de acordo com a 
tradição histórica e cultural da região (MATO GROSSO DO SUL, 2004); 
 Queijo Minas artesanal, o queijo mais tradicional produzido no estado 
de Minas Gerais, Brasil. Estes queijos são produzidos a partir do leite cru bovino 
com um procedimento de back-slopping, adicionando o “pingo”, uma cultura starter 
natural proveniente do soro recolhido da produção do dia anterior. Eles são 
classificados de acordo com sua região de origem em Minas Gerais, e as variedades 
mais importantes são produzidas no Serro, Serra da Canastra, Cerrado, Araxá e 
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Campo das Vertentes (Borelli et al, 2006; Arcuri et al., 2013; Costa Júnior et al., 
2014; Cardoso et al., 2015; Perin et al., 2015). 
 Queijo Serrano, produto maturado, produzido no Sul do Brasil com 
leite cru bovino (Cruz & Menasche, 2014);  
 Queijo Colonial, produzido artesanalmente no Sul do Brasil com leite 
cru (Funck et al., 2015). 
A maturação do queijo é um fenômeno complexo que envolve alterações 
físicas, físico-químicas e microbiológicas que ocorrem nos queijos sob influência de 
fatores ambientais, e ácidos enzimáticos e orgânicos produzidos, principalmente 
pela microbiota natural do leite (Dolci et al., 2010; Sihufe et al., 2010). 
Durante a fabricação e a maturação do queijo, ocorre uma sucessão de 
diferentes espécies de bactérias ácido lácticas (BAL) (Montel et al., 2014). As 
bactérias ácido lácticas termofílicas estão envolvidas principalmente nas primeiras 
etapas da produção de queijo, enquanto as não iniciadoras mesofílicas, originárias 
do leite cru e/ou do ambiente de processamento, assumem o controle durante a 
maturação, desempenhando um papel importante na lipólise e proteólise e são 
frequentemente responsáveis pelo aroma, sabor e textura do queijo (De Filippis et 
al., 2016). A sua presença pode também introduzir variabilidade no processo de 
maturação (Settani & Moschetti, 2010). Além disso, muitas BAL produzem 
substâncias que evitam o crescimento de micro-organismos indesejáveis no queijo 
(Cabezas et al., 2007; González et al., 2007). 
Apesar desses queijos serem microbiologicamente seguros, novas 
perspectivas podem ser estabelecidas para descrevê-los em cada região produtora, 
com adoção de análise descritiva quantitativa e, principalmente, certificação de 
origem, que pode garantir a apreciação de fazer um verdadeiro queijo tradicional ao 
queijeiro. Isso agrega valor ao produto e o protege da clandestinidade (Martins et al., 
2015).  
O amplo conhecimento da comunidade microbiana é extremamente 
importante na fabricação de queijos artesanais produzidos com leite cru e culturas 
naturais. Durante a produção de queijo e a maturação, interações complexas 
ocorrem dentro da comunidade microbiana. A ocorrência de bactérias ácido lácticas 
não iniciadoras no queijo pode variar de acordo com as matérias-primas utilizadas, a 
área de produção, fatores ambientais, processamento. Micro-organismos diferentes 
podem predominar e ser responsáveis por propriedades específicas do queijo. 
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Assim, a identificação precisa dos micro-organismos envolvidos na maturação 
fornece informações essenciais para o entendimento do seu papel nesses processos 
e no desenvolvimento das propriedades sensoriais do queijo (Carraro et al., 2011). 
Apesar dos queijos artesanais serem produtos apreciados e consumidos 
pela população brasileira, a metagenômica nunca foi aplicada anteriormente para 
estudo da ecologia microbiana em queijos artesanais produzidos no Brasil. O papel 
da dinâmica microbiana nos queijos artesanais brasileiros precisa ser elucidado, 
com o objetivo final de estabelecer padrões de qualidade ao produto. 
A metagenômica é uma importante ferramenta para a elucidação da 
ecologia e dinâmica envolvida na produção de alimentos, bem como para a 
detecção de agentes causadores de doenças transmitidas por alimentos (Miller et 
al., 2013). 
Na Europa, a adição de bactérias ácido lácticas não iniciadoras 
selecionadas na fabricação de queijos já é explorada comercialmente, a fim de 
melhorar as propriedades sensoriais e tecnológicas de diferentes tipos de queijos. 
Com isso, muitas culturas foram desenvolvidas para aplicações tecnológicas em 
produtos lácteos na Europa. As mesmas culturas também são usadas no Brasil, 
embora não sejam originárias de produtos e ambientes brasileiros, levando a uma 
perda nas características típicas dos produtos tradicionais brasileiros. Assim, a 
elucidação dos micro-organismos responsáveis pela maturação dos queijos 
artesanais brasileiros através da aplicação de técnicas modernas e avançadas é 
importante para o desenvolvimento e fortalecimento da identidade e qualidade dos 
queijos artesanais brasileiros. 
De acordo com o exposto, o objetivo deste trabalho foi caracterizar os 
queijos e avaliar a diversidade microbiana dos queijos artesanais brasileiros, 
determinando a identidade das populações predominantes de acordo com cada tipo 
de queijo e sua região de produção. Além disso, investigou-se a população 
microbiana presente no ambiente de processamento de queijos artesanais; amostras 
de matéria-prima e produto final, coletadas de três fazendas produtoras na região da 
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1. Introduction 85 
 Artisanal cheeses are produced in many countries and they are widely 86 
consumed (Cavicchioli, Camargo, Todorov, & Nero, 2017; Martins et al., 2015a). 87 
Additionally, these cheeses have a great social and cultural value and an economic 88 
significance around the world due to their specific characteristics depending on the 89 
region where they are made (Bemfeito, Rodrigues, Silva, & Abreu, 2016). Production 90 
of artisanal cheeses is performed in small scale on farmstead and using the milk 91 
produced on the farm. Commonly, cheese handlers are the owner‟s family members 92 
and/or a small number of employees (Cardoso & Marin, 2017). 93 
Cheese is a traditional product of Brazilian dairy industry, including those 94 
produced by artisanal practices (Cavicchioli et al., 2017). In 2016, the production of 95 
cheese in Brazil was 766 thousand tons, while the consumption was registered as 96 
786 thousand tons (USDA, 2016). Currently, Brazilian legislation for artisanal cheese 97 
production is the Regulatory Instruction n° 30 of August 7th, 2013, established by the 98 
Ministry of Agriculture, Livestock and Food Supply (MAPA), which allows the 99 
commercialization of artisanal cheeses ripened for less than 60 days if scientific and 100 
technical studies prove that the reduction of ripening period does not compromise the 101 
quality and safety of these products (MAPA, 2013). 102 
The State of Minas Gerais is known as the major Brazilian cheese 103 
producer, where artisanal cheeses are made from raw bovine milk and are 104 
traditionally ripened at room temperature (Martins et al., 2015a). Minas Gerais can be 105 
divided according to cheese producing regions: Araxá, Cerrado, Serra da Canastra 106 
and Serro (Arcuri, El Sheikha, Rychlik, Piro-Métayer, & Montet, 2013). In 2009, 107 
Campo das Vertentes region received an official identification as Minas artisanal 108 
cheese producer; in 2014, Triângulo Mineiro was also inserted as a producing region 109 
(IMA, 2009, 2014). In the state of Minas Gerais, each cheese is named as the same 110 
name of the producing region. 111 
In the north of Brazil is produced the Marajó cheese, elaborated from raw 112 
buffalo milk in the Marajó Island, which is the biggest water buffalo herd in the 113 
country (Seixas, Félix, Silva, Perrone, & Carvalho, 2015). On the other hand, Curd 114 
cheese is a product typically from the Northeast region of Brazil, but currently is 115 
popular and commercialized in other regions of the country  (Castro et al., 2016; 116 
Medeiros et al., 2016). In addition, Butter cheese is very common and highly 117 
consumed in the Northeast region (Nassu, Lima, & De Andrade, 2009). Produced in 118 
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the central region of Brazil; more specifically in the state of Mato Grosso do Sul, 119 
Caipira cheese is another traditional Brazilian cheese produced according to local 120 
tradition (Nóbrega, 2012). Finally, in the south of Brazil, Colonial cheese is the main 121 
artisanal cheese manufactured and it is identified in accordance with the cultural and 122 
social aspects (Wilkinson, Cerdan, & Dorigon, 2015). Serrano cheese is also 123 
produced in the South, which preserves many traditional features of this region 124 
(Fabiana Thomaz Cruz & Menasche, 2014). 125 
In fact, new perspectives may be established in order to characterize 126 
these cheeses according to each producing region and also the implementation of 127 
quantitative descriptive analysis, mainly the certification of origin, to add value to the 128 
product and to avoid the clandestinity (Martins et al., 2015a). Moreover, alternative 129 
methods need to be employed in order to ensure the safety of artisanal cheeses 130 
(Cavicchioli et al., 2017). The main challenge faced by small farmers is the 131 
commercialization of artisanal food products in a safe and sustainable way, but 132 
government agencies responsible for supporting artisanal producers give insufficient 133 
attention to this question (Martins et al., 2015b). 134 
It is critical to characterize the sensory profile of artisanal products, 135 
providing information about their unique characteristics and making these products 136 
potential candidates for receiving the denomination “protected designation of origin” 137 
(PDO). This fact can help to expand frontiers and allow Brazilian artisanal cheeses to 138 
become recognized and appreciated worldwide, and also to be a typical product with 139 
potential for exportation (Bemfeito et al., 2016).  140 
Although Brazilian artisanal cheeses demonstrate a great historical and 141 
socioeconomic importance, few data are available about their microbiological and 142 
physico-chemical characteristics, or about their beneficial microbiota (Castro et al., 143 
2016). In addition, there is no study giving a general approach about the main 144 
characteristics of each type of Brazilian artisanal cheeses. Thus, the aim of this 145 
review is to provide an overview of artisanal cheeses produced in several regions of 146 
Brazil. Furthermore, this paper can help to support the certification of origin of these 147 
cheeses, strengthening the quality and safety standards inherent to such products. 148 
 149 
2. Brazilian artisanal cheeses 150 
The main producing regions of Brazilian artisanal cheeses are located in 151 
the North, Northeast, Central, Southeast and Southern regions of Brazil (Figure 1). 152 
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The state of Minas Gerais (MG) is considered the main producer of artisanal cheeses 153 
in Brazil, encompassing the producing microregions: Araxá, Campo das Vertentes, 154 
Canastra, Cerrado and Serro, as shown in Figure 2. 155 
 156 
 157 






Figure 2. Map of the distribution of the producer microregions in Minas Gerais state. 162 
 163 
Brazilian artisanal cheeses show differences in the processing, 164 
maturation, type of milk used, texture, size, shape, color, moisture, flavor, use of 165 
starter culture, among others. Therefore, in Figure 3 are highlighted the main 166 
differences in the processing stages of Brazilian artisanal cheeses. Additionally, 167 
Tables S1 and S2 point out the Brazilian artisanal cheese characteristics and the 168 
main microorganisms present in these products. Table S1 lists cheese classification 169 
by regions, centesimal composition, manufacture and ripening time. On the other 170 







Figure 3. Cheesemaking steps for Brazilian artisanal cheeses. 176 
   177 
 The next sections describe the main characteristics of Brazilian 178 
artisanal cheeses produced in each region of Brazil. 179 
 180 
2.1. North region 181 
2.1.1. Marajó Cheese 182 
 Marajó cheese is an artisanal product manufactured in accordance with 183 
the historical and cultural tradition of Marajó Island, Pará State (Brazil). This cheese 184 
is obtained by spontaneous coagulation of raw buffalo milk and fusion of curd mass, 185 
desorbed with buffalo milk and/or buffalo milk mixed with bovine milk in the maximum 186 
proportion of 40%; washed with water or buffalo milk or bovine milk and added of 187 
cream or butter (Pará, 2013). 188 
 According to “Portaria” n° 418 of February 26th, 2013, from Agency of 189 
Agricultural and Livestock Defense of the State of Pará (Pará, 2013), Marajó cheese 190 
is classified according to the manufacturing process adopted. The first type is called 191 
Butter type, in which is added butter during the cooking process of the mass; and the 192 
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second is called Cream type, in which the cream obtained from the production of 193 
skim milk is added to the mass. 194 
Marajó cheese is produced in small farms, manufactured using simple 195 
technologies such as natural coagulation and manual pressing, and its production is 196 
considerate an important economic and social activity in the state of Pará, especially 197 
in the Marajó Island (Figueiredo, Andrade, Pires, Peña, & Figueiredo, 2016). 198 
Considering the sensorial characteristics, Marajó cheese must present 199 
semi-hard consistency, be sliceable; compact and smooth texture, without holes; 200 
straw-white color; free odor that is not product specific; slightly acid and salted; with a 201 
cylindrical or rectangular format (Pará, 2013). According to “Portaria” n° 418, the 202 
physico-chemical characteristics of Marajó cheese are: total fat (maximum 40%), fat 203 
in total solids (maximum 65%), moisture (minimum 35% and maximum 50%), and 204 
sodium chloride (minimum 1% and maximum 2%). In addition, it can be added of 205 
sorbic acid and salts like Na, K, and Ca, sodium citrate and acidity controlers such as 206 
sodium bicarbonate (Pará, 2013). 207 
Bittencourt et al. (2013) obtained values within the limit stipulated by the 208 
legislation for fat (31.57±3.13%), fat dry extract (55.84±4.38%) and moisture 209 
(43±1.64%). Other parameters of Marajó cheese were also analyzed such as pH 210 
(5.15±0.13), acidity (0.62±0.08%), protein (34.59±1.68%) and ash (2.45±0.47%). 211 
Although production of cheese using buffalo milk is increasing in the North of Brazil, 212 
there are few information regarding the technology used to process these products. A 213 
limiting hurdle is the standardization of physico-chemical characteristics (Bittencourt 214 
et al., 2013). 215 
Some sensorial characteristics were attributed to the Marajó cheese such 216 
as white color, milk and acid aroma, acid and salty tastes, and softness. The test of 217 
acceptance indicated that this cheese was very appreciated by tasters (Figueiredo, 218 
Júnior Lourenço, Toro, & Lima, 2011).  219 
Some physico-chemical parameters of Marajó cheese produced in Marajó 220 
Island was analyzed by Figueiredo, Júnior Lourenço, Toro, & Lima (2011), who 221 
observed mean values of 37.77% for moisture, 34.44% for total fat, 55.27% for fat 222 
dry extract, 94 mg/100 g for cholesterol, 1.9 mg/g for conjugated linoleic acid, 223 
19.25% for protein, 2.12% for carbohydrate, 3.99% for fixed mineral residue, 18.06° 224 
Dornic for acidity in lactic acid and a caloric value of 396.29 Kcal/100 g. Also, authors 225 
determined the mineral content (489.3 mg/100 g for calcium (Ca), 122 mg/100 g for 226 
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phosphorus (P), 618.5 mg/100 g for potassium (K), 1,241 mg/100 g for sodium (Na) 227 
and 3.7 mg/100 g for zinc (Zn)). The high content of K and Na are correlated to 228 
addition of potassium sorbate and sodium chloride during cheese production 229 
(Figueiredo et al., 2011). 230 
Other study evaluated the influence of seasonal variation in physico-231 
chemical composition of the artisanal cream and butter cheese types produced in the 232 
Marajó Island. During the rainy and dry seasons, the Cream type cheese showed pH 233 
of 5.26 and 5.49, acidity of 0.63% and 0.78%, moisture of 41.26% and 40.29%, Aw of 234 
0.99 and 0.49, protein of 24.99% and 23.08%, fat of 32.38% and 36.89%, fat dry 235 
extract of 55.06% and 63.92%, mineral content of 2.37% and 1.40%, calcium of 236 
0.28% and 0.18%, and sodium chloride of 1.18% and 1.21%, respectively (Simões, 237 
Portal, Rabelo, & Ferreira, 2014).  238 
Butter type cheese in rainy and dry seasons presented pH of 5.18 and 239 
5.39, acidity of 0.38% and 0.49%, moisture of 50.69% and 49.43%, Aw of 0.99 and 240 
0.59, protein of 25.60% and 24.38%, fat of 23.30% and 25.36%, fat dry extract of 241 
46.99% and 49.99%, mineral of 2.68% and 1.40%, calcium of 0.45% and 0.18%, and 242 
sodium chloride of 1.51% and 1.21%, respectively (Simões et al., 2014).  243 
The partial substitution by bovine milk (20 to 40%) in the manufacturing of 244 
artisanal Butter type cheese resulted in increased of moisture and pH; however, 245 
protein, minerals and fat content were reduced. The increase of moisture had an 246 
important role on the decrease of elasticity, cohesiveness, gumminess and 247 
chewiness of these cheeses. Furthermore, addition of bovine milk in the composition 248 
of cheese did not cause an increase in the color intensity, but changed the yellow-249 
greenish tonality (Simões, 2013).  250 
Moreover, substitution of buffalo milk by bovine milk in the Cream type 251 
cheese promoted significant changes in the physico-chemical characteristics, texture 252 
and color, but sensory evaluations demonstrated that these differences were not 253 
clearly perceptible. Finally, quality of Cream type cheese was not strongly affected by 254 
the substitution of up to 40% of buffalo milk by bovine milk, and this fact may be an 255 
interesting alternative for producers of this cheese, especially during the dry season, 256 
without the risk of losing the product authenticity (Simões, 2013). 257 
According to Simões et al. (2014), some components of the buffalo milk 258 
and artisanal cheeses produced in the Marajó Island are influenced by the seasons 259 
29 
 
(dry and rainy) and, consequently, some sensory alterations are expected during the 260 
year.  261 
Considering the microbiological aspects, Marajó Cream type cheese did 262 
not show high counts of total coliforms and Escherichia coli, which can be related to 263 
the cooking step during the manufacturing process and what is considered a critical 264 
point for microbiological control. On the other hand, high counts of Staphylococcus 265 
aureus (105 to 106 CFU/g) were observed in almost all Marajó cheeses analyzed, in 266 
discordance with Brazilian legislation, which the maximum value is 103 CFU/g for 267 
medium moisture cheeses (FÉLIX, 2013). 268 
In addition, the technological potential of lactic acid bacteria from Marajó 269 
cream type cheese was evaluated and the majority of isolates belonging to the genus 270 
Enterococcus showed high diacetyl production capacity, which contributes to the 271 
development of aroma and taste in cheeses, and what can contribute to 272 
technological characteristics so desirable and decisive for their acceptance by 273 
consumers (Figueiredo et al., 2016). 274 
 275 
2.2. Northeast region 276 
2.2.1. Butter cheese 277 
Butter cheese is one of the most produced and consumed cheeses in the 278 
Northeast region of Brazil (Alexandre, Aquino, Lyra, & Froehlich, 2016). It is mainly 279 
produced in the States of Rio Grande do Norte, Paraíba and Pernambuco (Nassu et 280 
al., 2009).  According to the Normative Instruction n° 30 of June 26th, 2001, Butter 281 
cheese is the product obtained by coagulation of milk, using organic acids of food 282 
grade, which the mass is subjected to desorption, washing and melting, with 283 
exclusively addition of “Manteiga de Garrafa”, “Manteiga da Terra” or “Manteiga do 284 
Sertão” (MAPA, 2001). 285 
Considering that Butter cheese is a regional product, according to 286 
Alexandre et al. (2016), there are few studies that discuss the hygienic-sanitary 287 
quality of this cheese. As sensorial characteristics, this product must present soft 288 
consistency, tending to unctuousness; closed texture, semi-friable, with small holes 289 
containing fat liquid inside; straw-yellow color; slightly accentuated flavor, 290 
remembering butter, slightly acidic, can be salty; odor slightly pronounced, 291 
remembering butter and thin crust, without cracking (MAPA, 2001). Furthermore, for 292 
physico-chemical requirements, Butter cheese is a product with fat content in total 293 
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solids ranging from 25% to 55% and it is classified as medium to high moisture 294 
cheese, which should present a maximum moisture content of 54.9% m/m (MAPA, 295 
2001). The physico-chemical composition of Butter cheese commercialized in 296 
Sergipe State was evaluated by Santana, Santos, Martinez, & Lima (2008) and the 297 
results were acidity of 0.42 g/100 g; ash of 2.40 g/100 g; total dry extract of 55.01 298 
g/100 g; fat of 30.96 g/100 g; fat dry extract of 57.75 g/100 g; pH of 5.66; protein of 299 
26.37 g/100 g and moisture of 47.19 g/100 g. 300 
On the other hand, samples of Butter cheese were analyzed by Alexandre 301 
et al. (2016) and according to microbiological parameters as required by law, 37.5% 302 
of samples were out of range for Salmonella sp., 17.5% for Staphylococcus positive 303 
coagulase, 37.5% for total coliforms and 42.5% for thermotolerant coliforms. In 304 
addition, 40% of samples showed filamentous fungi and yeasts, with count variation 305 
from 7 × 104 to > 2.5 × 105 CFU/g, and 82.5% contained mesophilic aerobic bacteria, 306 
with counts from 1.03 × 105 to > 2.5 × 106 CFU/g. Coagulase-positive 307 
Staphylococcus was found in Butter cheeses in quantities up to 9.4 log CFU/g. 308 
Enterotoxigenic toxins were also detected (SEB and TSST-1); including total and 309 
thermotolerant coliforms. These results suggest that this cheese may offer a possible 310 
risk to consumers (Viana, Oliveira, Carmo, & Rosa, 2009). 311 
The sensory characteristics of artisanal samples of Butter cheese were 312 
similar to the description of legislation when compared to industrial cheese samples 313 
(Nassu et al., 2009). In addition, the majority of sensory attributes were significantly 314 
different between samples, mainly in the physical chemical characterization (moisture 315 
and fat), indicating the lack of standardization of raw milk used for cheese production 316 
and the differences in processing parameters. Example of parameters that can 317 
compromised the quality of cheese of Butter are the lack of standardization for 318 
cooking time and temperature, curd washing steps and the absence of packaging 319 
during storage (Viana et al., 2009).  320 
  321 
2.2.1. Curd Cheese 322 
 Curd artisanal cheese is a popular product typically from the 323 
Northeastern region and widely consumed by the local population and in other 324 
Brazilian regions. This cheese has been produced primarily in the States of 325 
Pernambuco, Ceará, Rio Grande do Norte and Paraíba (R. A. Silva et al., 2012).  326 
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Curd cheese is obtained through coagulation of milk by rennet or other 327 
coagulating enzymes, added or not of starter culture composed by selected lactic 328 
acid bacteria, and marketed normally up to ten days after manufacture. Therefore, it 329 
is classified as a medium to high moisture cheese with semi-cooked or cooked mass 330 
and has a fat content in total solids varying from 35% to 60% (MAPA, 2001). 331 
According to the Normative Instruction n° 30 of June 26th, 2001, the 332 
sensorial characteristics of Curd cheese are: semi-hard and elastic consistency; 333 
compact and soft texture; yellowish-white uniform color; mild flavor, slightly acidic, 334 
can be salty; slightly acidic odor, remembering coagulated mass; thin crust, without 335 
cracking, formation of a well-defined crust is not usual, and presence or not of some 336 
small holes (MAPA, 2001).  337 
In general, this cheese has a rectangular shape and its weight ranges 338 
between 1.0 and 5.0 kg (Cavalcante et al., 2007). One of the main characteristic of 339 
Curd cheese is the resistance to heat without melting, allowing the preparation of the 340 
popular “roasted cheese” (Silva et al., 2012). 341 
The composition of artisanal and industrial Curd cheeses produced in 342 
Currais Novos - RN were compared. The results obtained for artisanal Curd cheese 343 
were: pH of 6.61; Aw of 0.938; moisture of 45.24%; fat of 24.53%; fat dry extract of 344 
45.09%; total dry extract of 54.80%; ash of 4.04%; acidity of 0.13%; chlorides of 345 
1.53%; proteins of 25.03% and total nitrogen of 4.17%. On the other hand, in 346 
industrial Curd cheeses the values were: pH of 6.60; Aw of 0.942; moisture of 347 
46.55%; fat of 25.52%; fat dry extract of 48.53%; total dry extract of 53.52%; ash of 348 
4.29%; acidity of 0.12%; chlorides of 1.89%; proteins of 22.82% and total nitrogen of 349 
3.58%. No differences between artisanal and industrial Curd cheeses were observed 350 
(Gomes et al., 2012). 351 
Microbiological analyzes of artisanal and industrial Curd cheeses have 352 
shown high population of Staphylococcus spp., with counts ranging from 1.3 x 106 353 
CFU/g to 6.6 x 109 CFU/g in artisanal cheeses and from 1.3 x 107 CFU/g to 2.9 x 1010 354 
CFU/g in industrial cheeses (Andrade, Borges, Figueiredo, Machado, & Porto, 2011).  355 
Staphylococcus spp. isolates obtained from Curd cheeses were identified 356 
and there was the prevalence of Staphylococcus aureus in 100% of artisanal Curd 357 
cheeses; while in industrial Curd cheeses dominated the S. xylosus (87.5%) and S. 358 
cohnii subsp. Cohnii (50%). These results indicate the need for a reassessment of 359 
Brazilian microbiological standards (Andrade et al., 2011). 360 
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According to Silva et al. (2012), the addition of salts of organic acids in 361 
Curd cheese can be used as an antimicrobial agent to reduce the growth of Listeria 362 
monocytogenes, such as the use of sodium lactate (2%) and sodium propionate (2%) 363 
in combination with sodium acetate (0.25%) in the composition of cheese.  364 
Another study regarding antimicrobial activity was developed using the 365 
essential oil from Origanum vulgare L. (OVEO) in Curd cheese formulation.  Results 366 
showed inhibitory effects on Staphylococcus aureus and Listeria monocytogenes, but 367 
the oil concentration should be carefully evaluated because of its inhibitory effects on 368 
the growth of starter lactic acid cultures used in the cheese production process 369 
(Souza et al., 2016). In addition, the essential oil from Eugenia caryophyllata leaves 370 
was also used in Curd cheese as an antimicrobial agent in order to evaluate the 371 
inhibitory effect against contaminating microorganisms in cheese (Trajano, Lima, 372 
Souza, & Travassos, 2010). 373 
Some Lactobacillus were selected (L. rhamnosus, L. plantarum and Lb. 374 
fermentum) from Curd cheese produced with raw milk and were grouped in different 375 
culture formulations that demonstrated a good performance in cheesemaking 376 
experiments in a pilot scale, in order to develop a suitable culture to be inoculated in 377 
pasteurized milk. More studies to adjust the balance of lactic strains are necessary to 378 
adequate sensorial and technological attributes specific in artisanal cheeses (Bruno 379 
et al., 2016).  380 
A manufacturing procedure to make a safe artisanal Curd cheese with the 381 
addition of endogenous culture isolated from raw bovine milk and artisanal Curd 382 
cheeses (Lactococcus lactis ssp. Cremoris and Lactococcus lactis ssp. Lactis) was 383 
proposed to Cavalcante et al. (2007). Results showed that is feasible to make such 384 
cheese using a standardized process with improved microbiological quality, keeping 385 
sensory properties of traditional cheese made with raw milk and with a reduced cost.  386 
In similar study, the quality of Curd cheese was evaluated using 387 
endogenous Lactococcus spp. isolated from Curd cheese and verified a high 388 
acceptance for aroma, texture, flavor and appearance attributes. Also, sensorial 389 
quality and typical characteristics of this product were improved (Viana, Teshima, 390 
Chaves, & Mamede, 2011).  391 
The incorporation of microencapsulated Lactobacillus casei in Curd 392 
cheese was evaluated and results showed that viable cell concentrations were 393 
considered adequate to be denominated as a probiotic food, with counts of lactic acid 394 
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bacteria after 10 days of ripening of 9.1 x 107 CFU/g (J. R. Lima, Locatelli, Finkler, & 395 
Luna-finkler, 2014).  396 
The proteomic and peptidomic profile of artisanal Curd cheese was 397 
developed by Silva et al. (2016). Authors concluded that Curd cheese are rich in both 398 
known and unknown intact proteins primarily of bovine origin and the high number of 399 
unidentified peptides could contribute to the quality and sensory characteristics of the 400 
Curd cheese. 401 
 402 
2.3. Central region 403 
2.3.1. Caipira Cheese 404 
Caipira cheese is produced according to the historical and cultural tradition 405 
in the state of Mato Grosso do Sul. This type of cheese is manufactured using fresh 406 
and raw cow whole milk, and its obtained and benefited in the property of origin, 407 
showing firm consistency, own flavor, uniform mass, free of dyes and preservatives, 408 
with or without mechanical holes (MATO GROSSO DO SUL, 2004).  409 
Caipira cheese manufacture starts 90 minutes after milking. Besides the 410 
use of raw milk containing endogenous lactic acid bacteria, this type of cheese may 411 
be included of ingredients such as whey or fermented whey, rennet and salt. In 412 
addition, some steps must be developed during the production of Caipira cheese as: 413 
filtration; addition of natural starter and rennet; coagulation; cutting of curd; grinding; 414 
desorption; forming; manual pressing; dry salting and ripening (MATO GROSSO DO 415 
SUL, 2004). 416 
Caipira cheese is regulated by the Law 2820/2004 (MATO GROSSO DO 417 
SUL, 2004) and producers are required to preserve the regional characteristics to 418 
obtain a quality certification (MATO GROSSO DO SUL, 2004). In the state of Mato 419 
Grosso do Sul, 14 cities (Água Clara, Aquidauana, Bandeirantes, Camapuã, Campo 420 
Grande, Corguinho, Dois Irmãos do Buriti, Jaraguari, Ribas do Rio Pardo, Rochedo, 421 
Santa Rita do Pardo, São Gabriel do Oeste, Sidrolândia and Terenos) are seeking 422 
for the certification to produce Caipira cheese (G1 - Globo, 2014). 423 
Although it is a typical product of the Mato Grosso do Sul and owns a 424 
specific legislation, there is no data in the literature about physico-chemical, 425 





2.4. Southeast region 429 
2.4.1. Minas Artisanal Cheese 430 
Minas artisanal cheese is produced with raw milk, coagulating agent and 431 
addition of natural starter culture, known as "pingo" - whey obtained from the 432 
previous production, with a daily turning stage of cheeses and a maturation period 433 
around 22 days. 434 
 435 
2.4.2. Araxá Cheese 436 
The cheese traditionally produced in the region of Araxá, Minas Gerais 437 
state, presents the technique introduced by Portuguese settlers coming from Serra 438 
da Estrela region (Empresa de Assistência Técnica e Extensão Rural - EMATER - 439 
MG, 2003). Araxá cheese is produced with whole raw bovine milk, natural lactic 440 
culture, rennet and salt. The consistency is semi-hard, compact texture, with white 441 
cream coloration and acid taste. It has a thin and yellowish skin, without cracks; and 442 
cylindrical shape of 13 to 15 cm in diameter, weighing 1 to 2 kg (EMATER-MG, 443 
2003). 444 
Araxá cheese production is performed in the cities of Araxá, Campos 445 
Altos, Ibiá, Pedrinópolis, Perdizes, Sacramento, Santa Juliana, Uberaba, Conquista, 446 
Pratinha and Tapira (Instituto Mineiro de Agropecuária - IMA, 2018; Sobral et al., 447 
2013). Since these cheeses are made from raw milk and are quite handled, they can 448 
carry pathogenic microorganisms harbored in milk or from poor hygienic and sanitary 449 
conditions to which they are exposed. 450 
 451 
2.4.3. Campo das Vertentes Cheese 452 
Campo das Vertentes cheese is produced with raw milk and starter 453 
culture. Cheeses are turned upsidedown during salting and ripening steps (Castro et 454 
al., 2016). The region of Campo das Vertentes comprises the municipalities of 455 
Barroso, Conceição da Barra de Minas, Coronel Xavier Chaves, Carrancas, Lagoa 456 
Dourada, Madre de Deus de Minas, Nazareno, Prados, Piedade do Rio 457 
Grande, Resende Costa, Ritápolis, Santa Cruz de Minas, São João Del Rei, São 458 
Tiago and Tiradentes (IMA, 2018). 459 
Costa Júnior et al. (2014) evaluated the effect of dry and wet periods 460 
during the ripening of Campo das Vertentes cheeses and the moisture in dry period 461 
was 39%, while in wet period was 32.6%. 462 
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Despite the historical and economic importance, there is a lack of 463 
information about microbiological and physico-chemical characteristics, including its 464 
beneficial microbiota (Castro et al., 2016). 465 
 466 
2.4.4. Canastra Cheese 467 
Canastra cheese is one of the oldest and most traditional cheeses made 468 
from raw milk in Brazil and it is a traditional variety of Minas cheese, which is 469 
produced on small scale in Serra da Canastra region located in the Minas Gerais 470 
State, Brazil (Dores, Nobrega, & Ferreira, 2013). This region comprises the 471 
municipalities of Bambuí, Delfinópolis, Medeiros, Piumhi, São Roque de Minas, 472 
Tapiraí, Vargem Bonita and São João Batista do Glória (IMA, 2018). The 473 
geographical indication of Canastra cheese manufacturing has been recognized in 474 
2011 by the Nacional Institute of Industrial Protection (INPI), under number IG201002 475 
(Andrade, Melo, Genisheva, Schwan, & Duarte, 2017). 476 
Canastra cheese is produced from bovine raw milk inoculated with the 477 
commercial rennet and “pingo”, in order to assist the beginning of the fermentation 478 
process (Andrade et al., 2017; Dores et al., 2013). According to Dores et al. (2013), it 479 
is necessary to know the effects of aging and temperature on the modulation of 480 
pathogenic microorganisms and the physico-chemical characteristics of Canastra 481 
cheeses in order to guide the adjustments in production, training the producers and 482 
to avoid the informality and clandestinity of these products. 483 
The legislation for Brazilian artisanal cheeses allows the commercialization 484 
of these cheeses with a ripening period of less than 60 days if scientific and technical 485 
studies prove that the reduction of ripening period does not compromise the quality 486 
and safety of this product (MAPA, 2013). In fact, the ripening period of Canastra 487 
cheese is about 22 days at room temperature and this time is effective in reducing 488 
the number of pathogens in rainy and dry seasons. However, ripening under 489 
refrigeration was ineffective in reducing the Staphylococcus aureus counts below the 490 
legislation limits, even after 64 days (Dores et al., 2013).  491 
 492 
2.4.5. Cerrado Cheese 493 
The main characteristic of Cerrado cheese is the artisanal production 494 
using raw milk and “pingo”. The native microbiota formed mainly by lactic acid 495 
bacteria and yeasts are present in raw milk and “pingo” having a great importance for 496 
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organoleptic characteristics of the final product (Lima, Lima, Cerqueira; Ferreira & 497 
Rosa, 2009). “Pingo” (natural starter) obtained from Campo das Vertentes cheese is 498 
composed by different lactic acid bacteria species such as Enterococcus spp. 499 
(Enterococcus faecalis, Enterococcus faecium, Enterococcus raffinosus), 500 
Lactococcus spp. (Lactococcus lactis), Streptococcus (S. agalactiae, S. bovis), and 501 
Pediococcus spp. (Pediococcus acidilati and Pediococcus pentosaceus). These 502 
microorganisms are responsible for the sensorial characteristics of these products (C. 503 
D. L. C. Lima et al., 2009). 504 
 505 
2.4.6. Serro Cheese 506 
Serro cheese results from the combination of different factors such as 507 
relief, climate and vegetation, which provides the typical pastures and also the 508 
development of a specific microflora, according to the microclimate and socio-cultural 509 
factors (Abreu, Barroso, Gonçalves, & Barbosa, 2002).   510 
The production of Serro cheese is made with whole raw cow's milk, natural 511 
lactic culture (“pingo”), rennet and salt. It shows a semi-hard consistency, compact 512 
texture, yellowish-white color, slightly acid taste, a thin skin and no cracks. The 513 
shape is cylindrical (13 to 15 cm in diameter) and the weight ranges from 0.7 to 1 kg. 514 
The total solids content varies from 46 to 52% and the fat content in total solids is at 515 
least 50% (Abreu et al., 2002). 516 
The Serro region encompasses the municipalities of Alvoradas de Minas, 517 
Conceição do Mato Dentro, Dom Joaquim, Materlândia, Paulistas, Rio Vermelho, 518 
Sabinópolis, Santo Antônio do Itambé, Serra Azul de Minas, Coluna and Serro in the 519 
Minas Gerais State (IMA, 2018). 520 
Production of Serro cheese should be performed using the Good 521 
Manufacturing Practices (GMC), otherwise it can offer a health risk due high 522 
contamination by Staphylococcus coagulase positive, with counts of 5.4 log CFU/g in 523 
fresh cheeses and of 4.1 log CFU/g in ripened cheeses (Brant, Fonseca, & Silva, 524 
2007). 525 
 526 
2.5. SOUTH REGION 527 
2.2.2. Colonial Cheese 528 
In the Brazilian legislation, there is no standardization of the techniques 529 
used for production of Colonial cheese, as well as the Technical Regulation of 530 
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Identity and Quality of this type of cheese (Silva, da Silva, Tonial, & de Castro-531 
Cislaghi, 2015). The term “Colonial” is derived from the colonies where European 532 
immigrants arrived (Wilkinson, Cerdan, & Dorigon, 2017). This product is made by 533 
raw milk, salt and rennet, with a slightly spicy taste and 30 days of ripening (Fava, 534 
Hernandes, Pinto, & Schmidt, 2012). 535 
Samples of Colonial cheese and raw milk from Rio Grande do Sul were 536 
analyzed and high counts of Staphylococcus and coliforms indicated poor quality of 537 
milk and artisanal cheeses, although Salmonella spp. or L. monocytogenes were not 538 
detected. The great variation in physico-chemical characteristics of these cheeses 539 
indicates that there is not standardization of the raw material or the technological 540 
process (Funck et al., 2015). 541 
 542 
2.2.3. Serrano Cheese 543 
In Campos de Cima da Serra, region of State of Rio Grande do Sul, Brazil, 544 
the tradition of producing Serrano cheese is of more than 200 years, and the 545 
methodology and ability required to produce this cheese are preserved by rural 546 
families that use tools made of wood (Cruz and Menasche, 2014). Serrano cheese is 547 
defined as a ripened product obtained by enzymatic coagulation of raw milk through 548 
the use of industrial rennet, and it is classified as a low-moisture, semi-fat cheese, 549 
with a fat content in total solids ranging from 25.0% to 44.0% (Rio Grande do Sul, 550 
2010). Moreover, an important singularity of Serrano cheese is the utilization of raw 551 
milk obtained from beef cattle breeds. This characteristic is reflected in the 552 
production system, because these beef breeds produce reduced amounts of milk, 553 
with a higher fat content, what gives to Serrano cheese a buttery appearance. The 554 
legislation of Serrano cheese is the “Portaria Estadual” n° 214, 2010 (Rio Grande do 555 
Sul, 2010). This regulation follows general guidelines on food production, and affirms 556 
that the wood structures and equipment used in cheese production must be 557 
substituted by masonry constructions and stainless steel or plastic tables and 558 
utensils (Cruz and Menasche, 2014). 559 
In state of Rio Grande do Sul, the dairies used to make Serrano cheese 560 
are located in municipalities of Bom Jesus, Cambará do Sul, Campestre da Serra, 561 
Caxias do Sul, Ipê, Jaquirana, Monte Alegre dos Campos, São Francisco de Paula, 562 
São José dos Ausentes, Muitos Capões and Vacaria, taking into account the 563 
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preparation procedures and the requirements set forth in the Technical Regulation of 564 
the Identity and Quality of Serrano Cheese (Rio Grande do Sul, 2010). 565 
Usually, Serrano cheese is consumed after 15-30 days of ripening when it 566 
is presenting an intense taste, a semi-hard mass and a yellowish color; and its 567 
commercialization occurs in towns of the region, direct sales or in small local markets 568 
directly by the cheese-producing farmers (Cruz and Menasche, 2014). Despite the 569 
consumption occurs before the period recommended by the law, the legislation 570 
describes that the ripening process should be performed for a minimum of 60 days 571 
and at temperatures above 5ºC, with the aim of guaranteeing product safety, flavor 572 
development, dehydration and the product stabilization to reach the desired 573 
consistency (Rio Grande do Sul, 2010). 574 
Serrano cheese represents the main funding source of 50% of producers 575 
and it is estimated that in the Serra Catarinense there are around 2,000 producers 576 
selling this type of cheese; on the marketing, 53% of cheeses produced are selling 577 
directly to consumers and 47% to retailers (Córdova, Schlickmann, & Pinto, 2014). 578 
However, besided the reputation and the economic, cultural and social importance of 579 
Serrano cheese, most of its production and commercialization is carried out 580 
informally, without sanitary inspection; and only few producers have the economic 581 
conditions to invest in new equipment and structures to meet hygiene standards 582 
(Cruz and Menasche, 2014). 583 
Since 2009, the Agricultural Research Company and Rural Extension of 584 
Santa Catarina (EPAGRI), together with the Rio-Grandense Association of Technical 585 
Assistance and Rural Extension (EMATER) have a team of extensionists and 586 
researchers working on a Serrano Artisanal Cheese Project, which covers the 18 587 
municipalities of Serra Catarinense and 11 municipalities in the Campos de Cima da 588 
Serra in State of Rio Grande do Sul (Córdova et al., 2014). It is a challenge, besides 589 
necessary, to grant the Geographical Indication and the registration of Serrano 590 
cheese as immaterial and cultural Brazilian patrimony, as well as the legalization of 591 
its production and commercialization, taking it out of informality (Córdova et al., 592 
2014). 593 
In 2016 was approved a Law Project n° 63/2016 that supplies the 594 
production and marketing of artisanal cheese in the state of Rio Grande do Sul (RS). 595 
The Law endorses the production of artisanal cheese in RS and recognizes the 596 
municipalities that compose the COREDES (Regional Development Councils), such 597 
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as Campos de Cima da Serra, Hortênsias and Serra, as traditional producers of 598 
Serrano artisanal cheese and defines some standards of production and 599 
commercialization (Rio Grande do Sul, 2016). 600 
Serrano cheese is a small scale artisanal product with high acceptance by 601 
the consumer, but few data are available on the microbiology and physico-chemical 602 
characteristics of this cheese (Rosa et al., 2008). Physico-chemical changes during 603 
Serrano cheese ripening includes a significant decrease of pH during the first week, 604 
with values of 5.3 in summer and 5.1 in winter, and a significant increase of pH 605 
between the first and fourth ripening weeks during summer. In addition, cheese 606 
moisture decreases during this period, with significant variation between the seasons 607 
studied; however, no significant variation in aw was detected and NaCl concentration 608 
was low (Rosa et al., 2008). 609 
An important characteristic regarding the sanitary-hygienic aspects is the 610 
absence of thermotolerant coliforms at the end of ripening period during summer due 611 
to the effect of two factors, high temperature and low moisture. Moreover, 612 
Lactobacillus prevailed throughout the manufacturing and ripening process, 613 
particularly in the late steps of process (Rosa et al., 2008). 614 
Despite the variety of artisanal cheeses produced in Brazil and its 615 
historical and cultural tradition of the producing community, there is a lack of 616 
information about the characterization of these products (sensorial, physico-617 
chemical, microbiological) and the exploration of the main factors involved during 618 
cheese processing, which confers the desired characteristics on the final product. 619 
Therefore, more information about these products is needed to ensure the quality 620 
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Classification Characteristics Composition Production Ripening References 
North Marajó Medium to high 
moisture 
Fatty cheese with a soft 
texture, compact and 
closed, small pores, a 
pleasant aroma, white color, 
slightly acid and salty; 
cylindrical or rectangular 
shape, and weight between 
250 and 500 g. 
Two types: Cream type 
(Moisture 50% and Fat 
22%) and Butter type 
(Moisture 35% and Fat 
42%). 
Marajó Butter type cheese produced in 
rainy and dry seasons: 
Acidity 0.42% and 0.26%  
pH 5.27 and 5.59 
Moisture 50.52% and 49.74%  
Fat 22.33% and 20.50%,  
Protein 25.17% and 24.54%  
Ash 2.53% and 2.36% 
Total dry extract 49.57% and 50.26%  
Fat dry extract 45.08% and 40.77% 
NaCl 1.06% and 1.08% 
 
Marajó Cream type cheese produced in 
rainy and dry seasons: 
Acidity 0.35% and 0.32% 
pH 4.89 and 5.58 
Moisture 43.06% and 41.00% 
Fat 38.05% and 33.98% 
Protein 18.65% and 19.78% 
Ash 1.60% and 1.68% 
Total dry extract 56.94% and 59.00% 
Fat dry extract 66.55% and 57.48% 
NaCl 0.45% and 0.66% 
Aw 0.982 and 0.980 
Fusion of the curd mass desorbed of 
buffalo milk and/or buffalo milk mixed 
with bovine milk in the maximum 
proportion of 40%, washed with 
water or buffalo or bovine milk, 
obtained by spontaneous 
coagulation and added of cream milk 
or butter, salted, cooked and molded. 
Not ripened Bendelack (2004) 
Bittencourt et al. (2013) 
Figueiredo (2006)  
Lourenço et al. (1999) 
Lourenço & Sousa (2005) 
Seixas et al. (2014) 
Seixas et al. (2015) 




Northeast Butter Medium to high 
moisture 
Cylindrical or rectangular 
shape, weight between 1 
and 15 kg. Color varies from 
straw white to caramel. 
Salty taste, rancid aroma 
and flavor, butter flavor and 
oiliness. 
Minimum and maximum values: 
Moisture 39.08 – 54.46% 
Fat 7.87 – 24.88% 
Fat dry extract 15.59 – 45.95% 
Protein 19.87 – 27.74% 
Ash 1.79 – 3.20% 
Aw 0.962 – 0.971 
pH 5.47 – 6.19 
Acidity 0.15 – 0.32% 
Chlorides 1.13 – 2.20% 
Usually skimmed raw bovine milk, 
spontaneously coagulated, whose 
mass is subjected to desorption, 
washing with water and/or milk, 
salting, melting with addition of 
“Manteiga da Terra” and molding. 
 Aquino (2011) 
MAPA (2011)  
Cavalcante & Costa 
(2005) 
Nassu et al. (2009) 
 
Northeast Curd Medium to high 
moisture 
Elastic consistency, 
compact and soft texture, 
Lactic acid 0.32 g/100 g 
pH 6.12 
Bovine raw milk with addition of 
industrial rennet, clotting (35°C, 35-
 It is usually 
commercialized 




uniform white-yellow color, 
mild flavor, slightly acidic, 
salty, slightly acid odor, thin 
crust, presence or not of 
small holes. 
Rectangular shape and 
weight between 1 and 5 kg. 
Moisture 42.94 g/100 g 
Ash 4.11 g/100 g 
Fat 30.55 g/100 g 
45 min), curd cutting, stirring, curd 
cooking and whey drainage, salting, 
molding, pressing, cold storage (2-
12°C) and package. 
fresh or with a 
maturation period 
of up to 10 days. 
Medeiros et al. (2016) 
Oliveira et al. (2017) 
 
 
Central Caipira  Firm consistency; uniform 
mass; particular flavor; 
without dyes and 
preservatives; presence or 
not of mechanical holes. 
  Filtration of fresh raw bovine milk; 
addition of rennet and natural starter; 
coagulation, curd cutting; stirring; 
syneresis; molding; pressing; dry 
salting and ripening. 
  Menezes (2009) 
Silva (2007) 
 
Southeast Araxá  Semi-hard texture of raw 
paste, a cylindrical shape, 
weigh from 1.0 to 1.2 kg. 
Characterized by an ivory-
white color crust and acid 
flavor. 
30 days of ripening: 
Moisture 27.88% 




The endogenous culture is obtained 
from cheese whey and is added to 
the raw milk in concentrations 
between 0.1% and 2%. Addition of 
industrial rennet;  curd cutting, 
stirring, molding in plastic forms, 
pressing, superficial salting, turning 
cheese daily and ripening in shelves. 






  Dry and Rainy seasons: 
Moisture 55.97 and 49.35% 
Total solids 44.03 and 50.65% 
Protein 17.54 and 19.86% 
Fat 28.28 and 29.06% 
Titratable acidity 0.15 and 0.08% 
pH 5.53 and 5.44 
Raw milk with addition of 
endogenous starter cultures and 
clotting agents. The endogenous 
starter culture comes from the whey 
drained from the previously made 
cheeses (known “pingo”), which is 
collected and used for cheesemaking 
on the next day. 
22 days Castro et al. (2016) 
Southeast Cerrado  Cylindrical shape 
Weight around 1.2 kg  
Diameter around 18 cm 







Filtration of raw bovine milk, addition 
of rennet and “pingo”, curd cutting, 
stirring, molding, superficial salting, 
turning cheese daily. 
22 days Fernandes et al. (2011) 
Lima et al. (2009) 
Oliveira et al. (2013) 
Southeast Serra da 
Canastra  
 Creamy and soft or hard 
and firm sensations, 
crumbly texture; salty and 
bitter tastes, sour taste; 
buttery and rancid attributes. 
Cylindrical shape 
Weight around 1.0 kg 
Diameter around 15 cm 
Height 5 cm 






Bovine raw milk inoculated with 
commercial rennet and “pingo” 
(Natural Starter), salting and manual 
pressing. 
22 days Andrade et al. (2017) 
Bemfeito et al. (2016) 
Dores et al. (2013) 
Nóbrega (2012) 
Oliveira et al. (2013) 






 Serro  Cylindrical shape 
Weight around 1.0 kg 
Diameter around 13 cm 
Height around 6 cm 
< 60 days of ripening and > 60 days of 
ripening: 
Moisture 50.83 and 38.42% 
pH 5.42 and 5.82 
Titratable acidity 0.957 and 1.070% 
Aw 0.913 and 0.866 
NaCl in moisture 0.849 and 0.855% 
Bovine raw milk with addition of 
rennet and “pingo”, coagulated in 
natural temperature, obtaining a firm 
mass, which is compressed into 
forms, eliminating the whey. 
Superficial salting. 
17 days Lima & Rocha (2016) 
Machado, & Pereira Júnior 
(2004)  
Mata et al. (2016) 
South Colonial Intermediary 
moisture 
Cylindrical, square or 
rectangular shape, weighing 
between 500 to 1500 g. 
pH 5.41 – 5.90 
Acidity 0.09 – 0.55% 
Moisture 37.52 – 48.09% 
Protein 16.74 – 28.35% 
Fat 19.33 – 26.95% 
Ash 3.06 - 6.99% 
Fat dry extract 37.15 – 47.01% 
Total carbohydrates 2.53 – 6.62%  
Aw 0.82 – 0.86  
Coagulation of raw bovine milk with 
addition of industrial rennet, 
pressing, molding, syneresis and 
brining. 
30 days  Fava et al. (2012) 
Silva et al. (2015)  
Ide & Benedet (2001) 
Silveira Júnior et al. (2012) 
 
 
South Serrano  An uncooked cheese, semi-
hard texture, intense taste 
and a yellowish colour, 
without dyes and 
preservatives. 
Cheese bulk has small 
irregularly distributed holes. 
For 28 days of ripening:  
Fat 33.47%,  




Raw milk obtained from beef cattle 
breeds and mixed breeds and 
fermented by natural microbial 
populations. 
Filtration of milk, salting, coagulation 
with addition of rennet, curd cutting, 
syneresis, molding, pressing and 
ripening. 
 
 15-30 days Córdova & Schlickmann 
(2015) 
Delamare et al. (2012) 
Pereira et al. (2014) 
Pontarolo et al. (2017) 




Table S2. Microorganisms found in Brazilian artisanal cheeses. 
 Type of Cheese Microrganisms References 






Figueiredo et al. (2016) 
Seixas et al. (2015) 
Simões et al. (2014) 
 





Total coliforms  
Fungi and yeast 
Mesophilic  aerobes 
Alexandre et al. (2016) 
Feitosa et al. (2003)  
Viana et al. (2009) 











Lactococcus lactis subsp. lactis 
Leuconostoc mesenteroides 
















Staphylococcus cohnii cohnii  
Staphylococcus cohnii subsp. urealyticus  
Staphylococcus epidermidis  
Staphylococcus haemolyticus 
Staphylococcus hominis  
Staphylococcus hyicus 
Andrade et al. (2011) 
Bruno et al. (2016) 
Feitosa et al. (2003) 
Medeiros et al. (2016) 
Santana et al. (2008) 
Silva et al. (2012) 
Borges et al. (2008) 
Borges et al. (2003) 
Luna et al. (2013) 
Evêncio-Luz et al. (2012) 












Fungi and yeast 
Central Caipira  There are no data in literature. 











Luiz et al. (2017) 
Perin et al. (2017) 
Sobral (2012) 










Total coliforms  
Thermotolerant coliforms 
Staphylococcus spp. 
Castro et al. (2016) 
Perin et al. (2017) 
Sant’Anna et al. (2017) 
 
 









Total coliforms  
Thermotolerant coliforms 
Fernandes et al. (2011) 
Lima et al. (2009) 
Perin et al. (2017) 
 
 
 Serra da Canastra Lactobacillus casei  
Lactobacillus brevis 
Lactobacillus hilgardii  
Lactobacillus paracasei 
Lactobacillus plantarum 
Lactobacillus paraplantarum  
Borelli et al. (2006) 
Perin et al. (2017) 






Weissella paramesenteroides  
Enterococcus spp.  
Enterococcus faecalis 
Lactococcus spp.  
Escherichia coli 














Total coliforms  
Thermotolerant coliforms 
Staphylococcus aureus 
Galinari et al. (2014) 
Mata et al. (2016) 
Perin et al. (2017) 
Pinto et al. (2009) 
 
 
South Colonial Macrococcus caseolyticus  
Staphylococcus sp. 







Antonello et al. (2012) 
Vieira (2017) 
Zaffari et al. (2007) 
Silva et al. (2015) 
 









Total coliforms  
Thermotolerant coliforms 
Escherichia coli 





Delamare et al. (2012) 
Melo et al. (2013) 
Pontarolo et al. (2017) 
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Brazilian artisanal cheeses are characterized by the use of raw milk and in some 36 
cases, natural starter cultures, known as “pingo, as well as following simple and 37 
traditional manufacturing technology. In this study, we performed a large-scale 38 
screening of the microbial ecology of 11 different types of artisanal cheeses 39 
produced in 5 geographical areas in Brazil and identified specific origin-related 40 
microbial signatures. Clear geography- and technology-based differences in the 41 
microbiota were observed. Lactic acid bacteria dominated in all cheeses although 42 
Enterobacteriaceae and Staphylococcus also occurred in North, Northeast and 43 
Central cheeses. Differences in the lactic acid bacteria patterns were also 44 
highlighted: Streptococcus, Leuconostoc, Lactococcus and Lactobacillus were 45 
differently combined in terms of relative abundance according to product type and 46 
region of production. This study provides a comprehensive, unprecedented 47 
microbiological mapping of Brazilian cheeses, highlighting the impact of geographical 48 
origin and mode of production on microbial diversity. The results obtained will help to 49 
plan an evaluation of microbial contamination sources that will need to be studied for 50 
the improvement of cheese quality and safety.  51 
 52 
Keywords: microbial diversity, 16S rRNA gene, traditional cheeses, metagenomics, 53 
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1. Introduction 99 
Cheeses are highly appreciated dairy products throughout the world. Most 100 
of cheese making has evolved in the last 100 years from “traditional- and art-based 101 
processes” to recent “scientific- and technological-based processes” (Johnson, 102 
2017). A variety of cheeses exist in almost every country of the world, characterized 103 
by their own physical chemical and sensorial properties.  104 
Brazilian artisanal cheeses are made employing traditional methods 105 
developed by cheesemakers, and procedures are influenced by both social and 106 
cultural aspects. These cheeses normally have typical features, such as texture and 107 
flavor, as a result of the origin and composition of the starter cultures, raw materials 108 
employed and ripening conditions (Almena-Aliste and Mietton, 2014; Fialho et al., 109 
2018; González-Córdova et al., 2016; Montel et al., 2014; Soares et al., 2017; Zheng 110 
et al., 2018a, 2018b). The growing interest on artisanal cheeses is key to allow the 111 
preservation of their cultural and social significances, while allowing the 112 
standardization of processing technologies and approval of regulations to protect 113 
public health.  114 
In Brazil, several artisanal and colonial cheeses are produced, with inter-115 
regional differences in the types of products and in the manufacturing practices. 116 
Marajó cheese, obtained from raw buffalo‟s milk, is produced on the island of Marajó, 117 
in the North of the country (Ferreira et al., 2017). Curd and Butter cheeses are 118 
traditional dairy products from the Northeast (Medeiros et al., 2016; Nassu et al., 119 
2009), while Caipira cheese is produced in Central Brazil. In the state of Minas 120 
Gerais higher intra-regional diversity exists, with at least six different traditional 121 
cheeses produced (Araxá, Campo das Vertentes, Canastra, Cerrado, Serro and 122 
Triângulo Mineiro) (Pinto et al., 2009; Santos et al., 2017). In the South of Brazil, 123 
Serrano (Cruz and Menasche, 2014) and Colonial cheeses can be highlighted 124 
(Funck et al., 2015). Most of the Brazilian traditional cheeses are often produced 125 
using raw milk, except Butter and Curd cheeses, which are also made with 126 
pasteurized milk (Andrade et al., 2011; Nassu et al., 2009). Besides their unique 127 
taste, these products also present a great social, cultural and economic value 128 
(Bemfeito et al., 2016; Domingos-Lopes et al., 2017). 129 
While some of them achieved widespread recognition, such as the Minas 130 
cheeses produced in Serro, Canastra and Salitre regions, recognized as Brazilian 131 
immaterial cultural heritage (IPHAN (Instituto do Patrimônio Histórico e Artístico 132 
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Nacional), 2014), there are still some sanitary concerns regarding their 133 
commercialization throughout the country. For instance, the Minas cheeses made 134 
from raw milk were allowed to be commercialized only within the state of Minas 135 
Gerais till 2002 (Minas Gerais, 2002). According to the Brazilian law, cheeses made 136 
from raw milk are only allowed to be marketed after a ripening period of at least 60 137 
days at ≥ 5°C (MAPA, 2000). However, a more recent legislation (MAPA, 2013) 138 
indicated that cheeses ripened for <60 days can be sold throughout Brazil if scientific 139 
studies support the absence of safety risks, following the approval of the Ministry of 140 
Agriculture, including the state and/or municipal body of industrial and sanitary 141 
inspection recognized by Brazilian System of Animal Product 142 
Inspection (SISBI/POA). The cheese microbiota can play a role in influencing the 143 
behavior and survival of pathogenic bacteria (Bellio et al., 2018; Campagnollo et al., 144 
2018; Neviani et al., 2013). Therefore, a complete and in-depth mapping of the 145 
microbiota of Brazilian artisanal and colonial cheeses may provide insightful 146 
information for ensuring the protection of the cultural, economic and social relevance 147 
of these products. In addition, these data may be useful in claiming “traditional 148 
specialties guaranteed” (TSG), “protected designation of origin” (PDO) or “protected 149 
geographical indication” for Brazilian artisanal cheeses (Dias and Mendes, 2018).  150 
The microbial community is one the relevant factors in the manufacturing 151 
of (artisanal) cheeses produced from raw milk and with the use of natural cultures 152 
(Almena-Aliste and Mietton, 2014). During milk fermentation and cheese ripening, 153 
complex interactions occur in the microbial community (Montel et al., 2014). In the 154 
past years, the microbial ecology of different types of cheeses has been widely 155 
studied (Calasso et al., 2016; De Filippis et al., 2014, 2016; De Pasquale et al., 156 
2014b; Guidone et al., 2016; Masoud et al., 2011; Riquelme et al., 2015). In each 157 
study, both common and unique microbiological traits have been highlighted, 158 
suggesting the importance of microbial mapping in order to plan improvements of 159 
cheese quality and safety (De Filippis et al., 2018, 2017).  160 
Even though the artisanal cheeses produced in Brazil are widely 161 
appreciated and consumed, the microbial populations involved in their production 162 
and ripening have never been described in depth. In addition, the diversity existing in 163 
the manufacturing practices in the different geographical areas makes a 164 
microbiological mapping of these cheeses surely relevant. The contribution of 165 
64 
 
different microbial groups to the microbiota of Brazilian raw milk cheeses needs to be 166 
elucidated, with the final aim to establish quality standards for these products.  167 
Few previous reports investigated the lactic acid bacteria populations of 168 
Brazilian Minas cheeses produced in different regions (Arcuri et al., 2013; Perin et 169 
al., 2017); however, a systematic and wide-range study of microbial ecology of 170 
Brazilian cheeses produced in different regions is not available.  171 
We aimed to characterize the complex microbiota of Brazilian artisanal 172 
and colonial cheeses produced in different regions, with emphasis on the differences 173 
existing according to the manufacturing practice and the geographical origin. The 174 
results generated will be extremely important to assist in improving cheese quality 175 
and safety, and possibly in the achievement of certifications where a specific 176 
legislation or regulation is still lacking. 177 
 178 
2. Materials and methods 179 
2.1. Sampling  180 
In total, 578 samples of Brazilian artisanal cheeses were collected in local 181 
supermarkets, fairs, cooperatives and producers, stored frozen and lyophilized at - 182 
60°C with a pressure of 40 UH for 72 hours. Subsequently, 10 g of each cheese were 183 
pooled in order to obtain 200 homogeneous sample groups, according to the type of 184 
cheese, the technology of production and the geographical origin. The pooled 185 
samples were used for DNA extraction and sequencing. 186 
The cheeses were produced in different areas of Brazil: North (Marajó 187 
cheese); Northeast (Curd and Butter cheeses); Central (Caipira cheese); Southeast 188 
(Araxá, Campo das Vertentes, Cerrado, Canastra and Serro cheeses) and South 189 
(Colonial and Serrano cheeses).  190 
Most of the cheeses were produced with raw milk and only few samples of 191 
Butter, Curd, Campo das Vertentes, Serrano and Colonial cheeses were obtained 192 
with pasteurized milk (analyzed separately). A list of the cheese analyzed is reported 193 












Production Technology Reference 
Not ripened cheeses 
North Marajó 
Fusion of the curd mass desorbed of buffalo milk and/or buffalo 
milk mixed with bovine milk in the maximum proportion of 40%, 
washed with water or buffalo or bovine milk, obtained by 
spontaneous coagulation and added cream milk or butter, 
salting, cooking and molding. 
Figueiredo (2006)  




Usually skimmed raw bovine milk, spontaneously coagulated, 
whose mass is subjected to desorption, washing with water 
and/or milk, salting, melting with addition of “Manteiga da Terra” 
and molding. 
MAPA (2001)  
Cavalcante and Costa (2005) 
Nassu et al. (2009) 
 
Curd 
Cow raw milk with addition of industrial rennet, clotting (35°C, 
35-45 min), curd cutting, stirring, curd cooking and whey 
drainage, salting, molding, pressing, cold storage (2-12°C) and 
package. 
Fontenele et al. (2017) 
Ripened cheeses 
Central Caipira 
Filtration of fresh raw bovine milk; addition of rennet and natural 
starter; coagulation, curd cutting; stirring; syneresis; molding; 
pressing; dry salting and ripening. 
Menezes (2009) 
Silva (2007)  
Southeast 
Araxá 
The endogenous culture is obtained from cheese whey and is 
added to the raw milk in concentrations between 0.1% and 2%. 
The industrial rennet also is added; after, the curd is cutting, 
stirring, molding in plastic forms, pressing, salting, turning and 
ripening in shelves during 22 days. 
IMA  (2013) 






Raw milk, with added endogenous starter cultures and clotting 
agents. The endogenous starter culture comes from the whey 
drained from previously made cheeses, which is collected and 
used for cheesemaking on the next day. During the production, 
the cheeses are turning and ripening (22 days). 




Cow raw milk inoculated with the commercial rennet and “pingo” 
(Natural Starter), salting and manual pressing, dry salting and 
ripening for 22 days. 




Filtration of raw bovine milk, addition of rennet and “pingo”, curd 
cutting, stirring, molding, superficial salting, turning cheese and 
ripening (22 days). 




Cow raw milk with addition of rennet and “pingo”, coagulated in 
natural temperature, obtaining a firm mass, which is 
compressed into forms, eliminating the whey. The salting is 
superficial on both sides and then the cheese is ripened during 
17 days. 
IMA  (2013)  
Lima and Rocha (2016) 




Coagulation of raw bovine milk with addition of calcium chloride, 
lactic ferment and industrial rennet, pressing, syneresis, salting 
molding and ripening (30 days). 
Ide and Benedet (2001) 
Mello and Armachuk (2013) 
 
Serrano 
Raw milk obtained from beef cattle breeds and mixed breeds 
and fermented by natural microbial populations. 
Filtration of milk, salting, coagulation with addition of rennet, 
curd cutting, syneresis, molding, pressing and ripening for 15 
days. 
Córdova and Schlickmann 
(2015) 
Pereira et al. (2014) 
 
 201 
2.2. Physicochemical analysis 202 
For the determination of pH, 20 g of crushed cheese sample were 203 
weighed into a 50 mL beaker, and diluted 1:1 with deionized water. After 204 
homogenization, the pH was measured using KASVI digital potentiometer, model 205 
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K39-2014B (KASVI, Shanghai, China). The water activity (aw) of cheeses was 206 
determined at 25°C ± 4°C, using the AquaLab equipment, model CX2T 207 
(Decagon Devices, Pullman, USA), following the manufacturer‟s instructions. 208 
 209 
2.3. DNA Extraction  210 
Total DNA extraction from the cheese samples was carried out by using 211 
the Biostic bacteremia DNA isolation kit (Mo Bio Laboratories, Inc., Carlsbad, CA, 212 
USA). The cheese samples were 3-fold diluted in PBS solution (Peptone Buffered 213 
Saline, pH 7.4) and homogenized in a stomacher (Seward Stomacher 400 214 
LabSistem, PBI International, Milan, Italy). The extraction protocol was applied to the 215 
pellet (12,000 X g) of 2 ml of homogenate. 216 
 217 
2.4. 16S rRNA gene amplicon library preparation and sequencing 218 
Microbial diversity was studied by sequencing of the amplified V3-V4 219 
region of the 16S rRNA gene by using primers S-D-Bact-0341-b- S-17: 5'-220 
CCTACGGGNGGCWGCAG-3' and S-D-Bact-0785-a-A-21: 5'- 221 
GACTACHVGGGTATCTAATCC-3' amplifying a fragment of 464 bp (Klindworth et 222 
al., 2013). Library preparation and sequencing was carried out as recently described 223 
(Berni Canani et al., 2017). The amplicons were combined in an equimolar pool and 224 
sequenced on an Illumina MiSeq platform, leading to 2x250 bp reads.  225 
 226 
2.5. Bioinformatics data analysis 227 
After demultiplexing, paired-end reads were joined by FLASh (Magoč and 228 
Salzberg, 2011) and a quality filtering was carried out by PRINSEQ (Schmieder and 229 
Edwards, 2011). Reads were trimmed at the first base with a Phred score lower than 230 
20 and those shorter than 300 bp were discarded. Data were analyzed by using 231 
QIIME 1.9.1 software (Caporaso et al., 2011), with a pipeline recently reported (Berni 232 
Canani et al., 2017). 233 
Reads assigned to the Lactobacillus genus were extracted and entropy 234 
analysis and oligotyping were carried out as described by the developers (Eren et al., 235 
2013). After the initial round of oligotyping, high entropy positions were chosen (-C 236 
option): 2, 67, 108, 109, 120, 123, 124, 241, 242, 247, 269, 280, 281, 295, 296, 297, 237 
298, 362, 379, 396. To minimize the impact of sequencing errors, we required an 238 
oligotype to be represented by at least 100 reads (-M option). Moreover, rare 239 
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oligotypes present in less than 10 samples were discarded (-s option). These 240 
parameters led to 162,832 (46.49%) sequences remaining in the dataset. BLASTn 241 
was used to query the representative sequences against the NCBI nr database, and 242 
the top hit was considered for taxonomic assignment.  243 
 244 
2.6. Statistical analysis and plotting of data  245 
Statistical analysis and plotting were carried out in the R environment 246 
(http://www.r-project.org). Significant differences in microbial taxa were computed by 247 
using non-parametric Wilcoxon pairwise tests. Sequence data were made available 248 
in the Sequence Read Archive of the National Center of Biotechnology Information. 249 
 250 
3. Results  251 
The values of pH and aw of cheeses grouped according to the 252 
geographical origin are reported in Figure S1. Cheeses from the North showed lower 253 
pH (5.33 ± 0.08) and higher aw (0.987 ± 0.002), whereas the cheeses produced in the 254 
Southeast have a pH of 5.29 ± 0.28 and lower aw (0.950 ±0.014).  255 
The bacterial richness and estimated diversity are shown in Figure S2. 256 
Diversity was higher for cheeses from the North, Northeast and Central regions 257 
compared to Southern and Southeastern cheeses (p<0.05). The highest number of 258 
OTUs (360) was observed in cheeses from the Northeast. On the other hand, 259 
Southeastern (91) and Southern (70) cheeses showed the lowest number of OTUs 260 
(p<0.05). 261 
Principal Component Analysis (PCA) (Figure 1) showed a clear clustering 262 
of cheese microbiota according to the type of cheese (production technology) and 263 
region of production. Three major groups were observed: a group including un-264 
ripened cheeses (Marajó, Curd and Butter), one with ripened Central cheese 265 






Figure 1 Principal Component Analysis (PCA) based on the bacterial community 270 
composition. Samples are coloured according to the geographical origin and shaped 271 
according to the type of cheeses (Serrano n=17, Colonial n=19, Campo das 272 
Vertentes n=19, Canastra n=18, Araxá n=23, Cerrado n=18, Serro n=16, Caipira 273 
n=31, Marajó n=4, Curd n=28 and Butter n=7).   274 
 275 
Regarding the production region, when samples from the South and 276 
Southeast were analyzed separately (Figure S3), two major clusters were obtained: 277 
Campo das Vertentes and Araxá cheeses (from the Southeast) clustered apart from 278 
other cheeses from South or Southeast (Colonial, Serrano, Serro, Canastra and 279 
Cerrado cheeses). 280 
Accordingly, hierarchical clustering based on the microbial diversity at 281 
genus level showed a clear separation of the samples driven by the production 282 
region (Figure 2). In particular, higher levels of microbial genera from Firmicutes and 283 
Proteobacteria were observed in cheeses from the North, Northeast and Central 284 











Brazil. Indeed, these phyla showed significantly different abundance between 285 
cheeses from the different regions (Table S2). 286 
 287 
 288 
Figure 2 Heat map showing microbial abundance in the cheese samples analysed. 289 
Hierarchical Ward linkage clustering of the samples based on the Pearson‟s 290 
correlation coefficient for the abundance of genera present in at least 10% of the 291 
samples. The color scale represents the scaled abundance of each variable, denoted 292 
as Z-score, with red indicating high abundance and blue indicating low abundance.  293 
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The distribution of the most abundant genera in samples grouped 294 
according to the type of cheese and region of production is shown in Figure 3. All the 295 
samples showed the dominance of lactic acid bacteria (LAB) and the main genera 296 
were Streptococcus, Leuconostoc and Lactococcus (Figure 3). Genera including 297 
potential undesirable species were also observed in Marajó, Curd, Butter and 298 
Caipira. Erwinia was present in all the four types of cheeses, but with higher 299 
abundance in Marajó cheese (18.91%). In Curd and Caipira cheeses, Psychrobacter 300 
reached average abundance of 7.96% and 6.71%, respectively, while high levels of 301 
Staphylococcus were found in Butter cheese (6.53%). On the other hand, cheeses 302 
from Southeastern and Southern Brazil presented a low abundance of undesired 303 
microbial contaminants, mainly Staphylococcus, in Araxá, Campo das Vertentes and 304 
Serro cheeses. The average abundance of the main microbial genera in cheeses 305 
grouped by region of production is shown in Figure S4, while microbial genera 306 
significantly different across cheeses produced in different regions are reported in 307 
Table S1. 308 
We identified a core of bacterial genera for each region of production, 309 
which were present in at least 95% of the cheese samples from a specific region. 310 
The bio-geographical distribution of the core genera is shown in Figure 4 and 5.   311 
The core microbiota of Brazilian artisanal cheeses included at least 6 312 
different genera. Thermophilic lactic acid bacteria prevailed in cheeses from the 313 
North and Southeast (Cerrado and Serro), with the dominance of Streptococcus. On 314 
the other hand, the incidence of mesophilic lactic acid bacteria was observed in 315 
cheeses from Northeast, where Leuconostoc prevailed, and in cheeses from Central, 316 
South and Southeast (Araxá, Campo das Vertentes, Canastra), where Lactococcus 317 
was the most abundant. In addition, the presence of potentially undesirable taxa 318 
(Enterobacteriaceae, Staphylococcus) was observed mainly in cheeses produced in 319 
the North, Northeast and Central regions. However, a low incidence of 320 
Staphylococcus was also found in the core microbiota of cheeses produced in the 321 









Figure 3 Abundance of the main microbial genera found in the different types of 329 
Brazilian artisanal cheeses. The average value for each type of cheese is shown. 330 
Only the genera with abundance> 0.01% and present in at least 90% of the samples 331 
are shown, while sub-dominant genera were summed up as “others”. 332 
Different Lactobacillus species were part of the cheese microbiota in the 333 
different geographical areas (Figure 6). Indeed, oligotyping allowed to identify 15 334 
different Lactobacillus species (Table S3). Cheeses from the North showed high 335 
levels of Lactobacillus fermentum (oligotype 50). On the contrary, high abundance of 336 
Lb. paracasei (oligotype 3) and Lb. plantarum (oligotypes 1 and 2) was found in 337 
cheeses from Central/Southern Brazil, that also showed higher diversity within 338 













Chryseobacterium Macrococcus Staphylococcus Enterococcus
Vagococcus Lactobacillus Pediococcus Leuconostoc
Weissella Lactococcus Streptococcus Erwinia
Klebsiella Serratia Brevibacterium Corynebacterium
Acinetobacter Psychrobacter Blautia Citrobacter





Figure 4 Boxplots showing the core microbiota of Brazilian artisanal cheeses grouped according to the geographical area of 342 
production. Boxes represent the interquartile range (IQR) between the first and third quartiles, and the line inside represents the 343 
median (2nd quartile). Whiskers denote the lowest and the highest values within 1.5 IQR from the first and third quartiles, 344 














4. Discussion 352 
In this paper, we carried out a large-scale analysis of the microbiota of 353 
Brazilian artisanal cheeses, mapping the differences in microbiota composition 354 
associated with the specific production regions, as well as with the type of cheese. 355 
The microbiota involved in the production and ripening of cheese, arising from raw 356 
materials, starter cultures or from the production environment, is responsible for the 357 
typical sensorial properties of the cheese (De Filippis et al., 2014, 2016; Montel et al., 358 
2014; Stellato et al., 2015). Herein, the “core” microbiota of Brazilian artisanal 359 
cheeses was characterized for the first time. This core microbiota mainly included 360 
LAB genera (Enterococcus, Lactobacillus, Lactococcus, Leuconostoc, 361 
Streptococcus), as well as microbial contaminants such as Enterobacteriaceae and 362 
Staphylococcus. Even though these genera were widespread in the cheeses 363 
analyzed, a differential abundance across the production regions was found. These 364 
differences might be related to the processing technology, the origin and storage 365 
conditions of the milk, the environmental conditions. 366 
Microbial diversity was higher in cheeses from the North, Northeast and 367 
Central Brazil, where homofermentative and heterofermentative LAB were coupled 368 
with microbial contaminants and potential pathogens, whose presence can possibly 369 
arise from the use of raw milk and from the dairy processing environment (Stellato et 370 
al., 2015). Cheeses from the North region are hand-made, produced using a simple 371 
technology, as natural coagulation and manual pressing (Figueiredo et al., 2016). 372 
Marajó (from North) and Butter (from Northeast) cheeses are produced with a mass 373 
melting step at 80 - 90°C, without ripening. Therefore, the presence of potential 374 
pathogenic microorganisms in Marajó cheese may be associated with post-375 
processing contamination, as well as with the presence of DNA from dead microbial 376 
cells.  377 
Moreover, Marajó cheese is produced without addition of starter and the 378 
curd fermentation occurs only thanks to the autochthonous microbiota present in the 379 
raw milk and in the processing environment (Ferreira et al., 2017; Figueiredo et al., 380 
2016). In agreement with previous reports, we also found microbial contaminants in 381 
Marajó cheese, such as Staphylococcus (Seixas et al., 2014). The acidic pH (5.33) of 382 
Marajó cheese is related to the natural fermentation of milk and a pH value (5.26 in 383 




water activity (0.987) in this cheese may be associated with the practice of washing 385 
the cheese mass with water and milk to reduce the acidity. 386 
Curd and Butter cheeses are often produced from raw milk, whose quality 387 
may influence that of the final product. Irregularities in physical and microbiological 388 
parameters were found in raw milk for Curd and Butter cheeses production (Medeiros 389 
et al., 2017).  390 
Most of Curd cheese samples (68%) collected in this study were produced 391 
with pasteurized milk and showed the presence of contaminants in the final product. 392 
Although pasteurization reduces some of the endogenous and pathogenic bacteria 393 
present in raw milk, thermoduric microorganisms survive to this process (D‟Amico & 394 
Donelly, 2017). However, since this analysis was based on DNA, it is possible that it 395 
arose from dead or damaged cells. Despite the presence of contaminants, the Curd 396 
artisanal cheese showed a diversified microbiota dominated by LAB (Enterococcus, 397 
Lactococcus, Streptococcus, Lactobacillus, Leuconostoc and Weissella), as 398 
previously reported in a culture-dependent study (Medeiros et al., 2016).  399 
Oligotyping was used to explore the sub-genus diversity within 400 
Lactobacillus spp. and revealed different patterns according to the geographical 401 
origin. Central/Southern cheeses were characterized by higher Lactobacillus 402 
diversity, with dominance of Lb. casei/paracasei and Lb. plantarum. Lb. casei group 403 
that is commonly found in ripened cheeses (De Filippis et al., 2018, 2016) where it 404 
contributes to proteolysis and flavor development (De Filippis et al., 2016; De 405 
Pasquale et al., 2014a). Moreover, several Lb. plantarum strains are considered as 406 
potential probiotics and can produce antimicrobial compounds, possibly contributing 407 
to cheese safety (Kumar et al., 2016; Lin and Pan, 2017). 408 
In Central region, the production of Caipira cheese is artisanally made with 409 
raw milk, using natural whey cultures, rennet and salt. This ripened cheese shows 410 
firm consistency, own flavor, uniform mass and its details are rarely reported (Mato 411 
Grosso do Sul, 2004). 412 
The ripened cheeses from Southern and Southeastern Brazil maintain a 413 
familiar tradition, with an artisanal production, conferring peculiar sensorial properties 414 
to the cheeses (Nóbrega, 2012). In the South, Serrano cheese is known as a typical 415 
mountain cheese, located in Campos de Altitude region, while the Colonial cheese is 416 
considered a social and cultural heritage of the German and Italian immigrant 417 




An important aspect of artisanal cheese from Minas Gerais is the natural 419 
starter culture, popularly known as "pingo". This culture is obtained from the whey of 420 
the previous cheese production (Perin et al., 2017). In Canastra cheese, the “pingo” 421 
is mainly composed by species of Lactobacillus, Lactococcus and Streptococcus, 422 
with counts of approximately 8 log CFU ml-1 (Borelli et al., 2006). 423 
In our study, the presence of Lactococcus has been observed in the 424 
cheeses produced in the Southeast region (Minas Gerais State). Streptococcus was 425 
dominant only in Cerrado and Serro cheese. The dominance of lactic acid bacteria is 426 
related to the use of “pingo” (starter culture) in the production of these cheeses and 427 
by the presence of a ripening period (22 days at room temperature) that may inhibit 428 
the multiplication of other microorganisms (Campagnollo et al., 2018). Cheeses from 429 
the Southeast region showed acid pH and low aw by decrease of moisture content, 430 
increase in solids-not-fat and NaCl concentration during cheese ripening, as well as 431 
in soluble nitrogen, non-protein nitrogen and free fatty acids (Dores, 2007). Each 432 
micro-region producing Minas Artesanal cheese has its peculiarities, as the use of 433 
the synthetic cheesecloth for the syneresis of Canastra and Cerrado cheeses 434 
(EMATER, 2003, 2004). In addition, factors such as climate, topography, pasture, 435 
dairy cattle breed and production characteristics, can affect the microbial diversity.  436 
The abundance of Lactobacillus spp. was previously reported in artisanal 437 
Minas cheeses as well as in our study, thanks to its ability to grow under the highly 438 
selective conditions that exist in cheese, such as low pH and high salt concentrations 439 
(Perin et al., 2017). In addition, Streptococcus was reported as the dominant genus 440 
in Cerrado and Serro cheeses (Arcuri et al., 2013) and the genus Lactobacillus, 441 
Lactococcus and Leuconostoc were also reported in Canastra cheese (Nóbrega, 442 
2012). 443 
Discrepancies in the dominant microbiota found in Minas Gerais cheeses 444 
compared with others studies may be associated to the low number of samples 445 
previously analyzed, as well as to the higher sensibility of the method used here. In 446 
our study, we analyzed 259 Minas cheese samples, while only 15 to 24 samples 447 
were analyzed in previous studies (Nóbrega, 2012; Perin et al., 2017).  448 
In Campo das Vertentes cheese, the microbiota of endogenous starter 449 
cultures was firstly described by (Castro et al., 2016). According to these authors, the 450 
microorganisms isolated were Lactobacillus brevis (5.88%), Enterococcus 451 




(5.88%). While the use of “pingo” (natural starter) is common in the production of 453 
cheeses from Minas Gerais and it can ensure the standardization of cheese 454 
properties, it may also introduce undesirable microorganisms. For instance, 455 
Staphylococcus aureus (ranging from 2.1 to 5.7 log CFU.mL-1) was found in natural 456 
starter cultures (Borelli et al., 2006). Similarly, high levels of total coliforms (742 and 457 
6,766 MPN ml-1) and high counts of Staphylococcus spp. (3.5x104 and 2.1x106 458 
CFUxmL-1), molds and yeasts (9.6x105 and 5.1x105 CFUxmL-1) were reported in 459 
endogenous starter cultures in dry and rainy season, respectively (Castro et al., 460 
2016). 461 
Cheeses from the South are characterized by the use of raw milk and 462 
natural whey culture, that minimizes the variability during the ripening process and 463 
confers desirable organoleptic characteristics to the final product. In our study, the 464 
most abundant genera were Lactococcus and Lactobacillus. 465 
In particular, Lactococcus, Leuconostoc and Lactobacillus were prevalent 466 
in Serrano cheese. Accordingly, Lactobacillus prevailed throughout the 467 
manufacturing and ripening process, especially in the late steps of the process, 468 
suggesting that this genus may have an important role in the production of this 469 
cheese (Rosa et al., 2008).  470 
This is the first wide-range study of microbial diversity in Brazilian cheeses 471 
produced in different regions. We showed that, although LAB prevailed in all the 472 
types of cheeses, differences in the microbiota composition exist, possibly linked with 473 
the inter-regional diversity in the manufacturing practices and in the raw materials 474 
used. Results obtained here may support the achievement of quality certifications or 475 
specific regulation, helping the artisanal producers in standardizing the 476 
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SUPPLEMENTARY MATERIAL 896 
 897 
Figure S1A Boxplot showing pH in cheeses produced in different Brazilian regions. 898 
















Figure S1B Boxplot showing aw in cheeses produced in different Brazilian regions. 912 
























Figure S2A Boxplot showing the number of observed OTUs in cheeses from the 934 















Figure S2B Boxplot showing the values of Chao1 index in cheeses from the different 947 

















Figure S3 Principal Component Analysis (PCA) based on the bacterial community 962 
composition. Samples are coloured according to the geographical origin (Southeast 963 





























Figure S4  Abundance of the main microbial genera found in the different cheese 981 
grouped according to the geographical area of production. The average value for the 982 
cheese produced in each region is shown. Only the genera with abundance> 0.01% 983 






















North Northeast Central Southeast South
Corynebacterium Chryseobacterium Macrococcus Staphylococcus
Enterococcus Vagococcus Lactobacillus Pediococcus
Leuconostoc Weissella Lactococcus Streptococcus
Blautia Erwinia Klebsiella Acinetobacter





Table S1 Genera significantly different between cheeses from the different Brazilian regions. 995 
Bacteria p-value 
Genus N vs NE N vs C N vs SE N vs S NE vs S NE vs C C vs SE C vs S SE vs NE SE vs S 
Actinomyces 
      
4.54E-08 0.0067915 0.0006272 0.0280395 
Brevibacterium 





0.0020301 0.0180075 0.0443433 0.0108042 5.98E-09 
 
0.0059430 2.15E-05 0.0398797 
Arthrobacter 




















0.0287567 4.45E-06 9.42E-14 6.28E-06 0.0020717 1.22E-07 1.31E-13 0.0005605 
Collinsella 
  











   
0.0397014 5.70E-05 
 





      







     
0.0027094 2.98E-05 5.19E-05 
  
Wautersiella 0.0193961 0.0042870 0.0115339 0.0075241 










0.0058825 0.0105244 2.68E-05 
 






1.72E-06 0.0253097 1.88E-09 0.0034027 1.85E-17 0.0430465 
Paenibacillus 
    





0.0003725 0.0107781 3.25E-08 0.0002762 0.0003776 0.0284187 6.92E-16 
 
Jeotgalicoccus 
     







8.99E-09 0.0173673 1.24E-11 1.18E-05 2.91E-15 0.0461964 
Staphylococcus 
     




























4.78E-09 1.04E-06 1.43E-07 
 
Carnobacterium 












0.0007505 0.0027046 4.30E-07 0.0049950 2.08E-15 0.0002718 5.53E-15 0.0008030 
Tetragenococcus 
    









0.0086146 1.57E-06 8.34E-06 0.0007834 2.48E-12 3.77E-11 
Leuconostoc 0.0058601 
   







1.34E-07 0.0085432 1.29E-06 5.70E-09 1.00E-07 
Lactococcus 
 










   
0.0279480 
 
0.0494874 0.0201924 0.0479587 
SMB53 
  






0.0001426 0.0000000 5.98E-10 1.37E-09 2.51E-06 0.0066080 0.0063508 9.36E-17 
 
Coprococcus 
   
0.0035379 0.0001468 
 





















   
0.0035379 0.0006424 
  
0.0063508 0.0123566 0.0432517 
Ruminococcus 
   
0.0048923 4.48E-05 
 
0.0006624 0.0001301 0.0001507 
 
Dialister 
      
0.0364659 
   
Fusobacterium 





    
0.0466104 




      
0.0436140 
   
Citrullus 
    
0.0009067 
 
0.0380040 0.0017247 0.0276526 0.0486724 
Sphingomonas 0.0002633 0.0004433 0.0289236 0.0323812 0.0337562 
 



























0.0154777 6.39E-10 0.0097985 8.81E-05 0.0013575 
Cronobacter 







Enterobacter 0.0003239 0.0114700 1.58E-06 0.0073323 
 
0.0078317 1.03E-06 
   
Erwinia 0.0000243 7.64E-05 0.0007413 0.0012432 0.0020087 0.0150147 1.15E-12 1.73E-07 1.74E-07 
 
Klebsiella 0.0015111 0.0232620 0.0008014 0.0015894 
 
1.20E-07 1.61E-13 8.95E-08 0.0006045 
 
Serratia 0.0077119 
   











0.0429258 0.0429496 0.0024223 
 
1.62E-10 1.53E-07 0.0002786 
 
Yersinia 0.0290585 
   




   
1.00E-06 0.0002053 0.0210505 0.0176937 4.59E-09 
 
Acinetobacter 0.0012870 0.0010313 0.0010455 0.0023026 
 
1.25E-05 1.23E-05 0.0004383 
  
Enhydrobacter 



















   





    
0.0002713 0.0004976 0.0039751 
 
2.58E-13 0.0032475 
Stenotrophomonas 0.0016755 0.0059113 0.0048047 0.0159885 
      
Akkermansia 
   
2.27E-05 2.67E-06 
 






















Table S2 Phyla significantly different between cheeses from the different production regions. 1007 
Bacteria p-value 
Phylum N vs NE N vs C N vs SE N vs S NE vs S NE vs C C vs SE C vs S SE vs NE SE vs S 
Actinobacteria 






    
0.0004289 0.0398560 







0.0023226 9.60E-06 0.0197595 0.0377051 
Firmicutes 0.0174344 0.0020244 0.0012691 8.75E-05 0.0011259 
 
5.06E-10 0.0004610 2.19E-08 0.0443366 
Fusobacteria 
      
0.0243073 
   
Proteobacteria  0.0071732 0.0010313 0.0012691 2.19E-05 0.0001041 
 
2.52E-10 0.0002587 6.65E-11 0.0090749 
TM7  
      
0.0249374 
   
Verrucomicrobia 
   
2.27E-05 1.13E-06 
 























Table S3. Identification at species level of the most abundant (>2%) Lactobacillus 1020 
oligotypes. 1021 
Oligotype Identification* ID (%) Query cover (%) 
Lb1 Lb. plantarum B5S32E 99.77 100 
Lb2 Lb. plantarum B5S32E 100 100 
Lb3 Lb. paracasei B4S5D 99.77 100 
Lb4 Lb. helveticus FAM22155 99.77 100 
Lb5 Lb. curvatus NFH-Km12 99.77 100 
Lb6 Lb. paracasei B4S5D 100 100 
Lb7 Lb. brevis POAL007 100 100 
Lb8 Lb. parabuchneri JCM 12493 99.77 100 
Lb9 Lb. helveticus FAM22155 100 100 
Lb10 Lb. rhamnosus HBUAS53148 99.77 100 
Lb11 Lb. curvatus NFH-Km12 100 100 
Lb12 Lb. kefiri FR7 99.77 100 
Lb14 Lb. graminis JCM 9503 98.70 100 
Lb19 Lb. paracasei HBUAS53080 99.77 100 
Lb22 Lb. parabuchneri JCM 12493 100 100 
Lb23 Lb. rhamnosus HBUAS53148 100 100 
Lb24 Lb. curvatus 1TP09-BL08 99.77 100 
Lb28 Lb. paracasei B4S5D 99.55 100 
Lb30 Lb. paracasei B4S5D 99.77 100 
Lb40 Lb. rhamnosus HCD33-1 99.77 100 
Lb50 Lb. fermentum L2 99.77 100 
Lb55 Lb. plantarum CIP 103151 96.00 100 
Lb56 Lb. curvatus GI39 97.00 100 
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The region of Serra da Canastra, located in the state of Minas Gerais, is recognized 35 
as an important producer of artisanal cheese in Brazil. The geographical indication of 36 
Canastra cheese manufacturing has been recognized in 2011 by the Nacional 37 
Institute of Industrial Protection (INPI). Despite the historic, economic and cultural 38 
importance, there is a lack of information about the microbiota present in the 39 
processing environment of this type of cheese and its relation in the quality and 40 
safety of the product. Thus, the sequencing of the 16S rRNA gene was used to 41 
investigate the microbiota present in three farms producing Canastra artisanal 42 
cheese. The results showed the dominance of lactic acid bacteria (Lactobacillus, 43 
Streptococcus, Lactococcus and Leuconostoc) in natural starter culture and ripened 44 
cheese. On the other hand, possible contaminants as Pseudomonas, 45 
Staphylococcus, Pasteurella, Enterobacter, Klebsiella and Acinetobacter, were found 46 
in raw milk, floor and cheesecloth samples. The characterization of the microbiota 47 
present in the processing environment, mainly in raw material and the surface of the 48 
equipment used during the production plays a fundamental role in the characteristics 49 
of final product. 50 
 51 
Keywords: microbiota, 16S rRNA gene, artisanal cheese-making, ripened Brazilian 52 
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1. Introduction 99 
Canastra artisanal cheese is produced in Serra da Canastra region, which 100 
comprises eight municipalities of Minas Gerais State, Brazil (IMA, 2018). Generally, 101 
artisanal cheeses produced in this region use raw milk, clotting agents and natural 102 
starter culture, collected by the whey during the cheese production from previous 103 
day.  104 
One characteristic of Minas artisanal cheese is the turning of it during 105 
brining and ripening. This stage must be carried out to avoid bacterial contamination 106 
and the ripening, plays an important role that ensure the quality standard, making it 107 
safe for consumption (Castro et al., 2016).  108 
Lactic acid bacteria (LAB) are found in raw milk and natural starter culture 109 
used in the cheese production, and they are synthesizers of antimicrobial 110 
compounds, organic acids (lactic acid), hydrogen peroxide and bacteriocins, which 111 
may inhibit spoilage and pathogenic bacteria (Castro et al., 2016).  In addition, LAB 112 
are essential to maturation step and safety assurance of Minas artisanal cheese, 113 
contributing to cheese flavor (Castro et al., 2016). However, when spoilage 114 
microorganisms contaminate the environment, they may negatively contribute to 115 
cheese manufacture and the quality of final product (Stellato et al., 2015). 116 
Another step of cheese is the fermentation, characterized by the growth of 117 
complex microbial consortia from the processing environment that help in the 118 
development of the quality of regional products. However, the microbial ecosystem 119 
present in the cheese factories is mostly unexplored (Bokulich and Mills, 2013). 120 
Previous studies showed the microbial diversity through culture 121 
independent methods in samples of culture starter (Ercolini et al., 2012), raw milk 122 
(Dolci et al., 2010; Doyle et al., 2017; Ercolini et al., 2012; Franciosi et al., 2011; 123 
Giannino et al., 2009), biofilm on the surface from wooden vats (Carpino et al., 2017; 124 
Didienne et al., 2012; Lortal et al., 2009), traditional cheese (Budak et al., 2016; 125 
Casalta et al., 2009; Di Grigoli et al., 2015; Dolci et al., 2010; Ercolini et al., 2012), 126 
wooden dairy equipment (Di Grigoli et al., 2015) and cheese plant (Bokulich and 127 
Mills, 2013; Mounier et al., 2009; Stellato et al., 2015). 128 
These methods allow higher sensibility compared to cultivation-based 129 
approaches and offer the possibility of profiling uncultivable members of the microbial 130 




In order to investigate the microbial population present in artisanal cheese 132 
processing environment; surface sponges and samples of raw material and final 133 
product, were collected from three farms in Serra da Canastra region, Brazil, and 134 
analyzed by culture independent method, through the amplicon sequencing. The 135 
elucidation of these microorganisms is extremely important for the development and 136 
strengthening of the identity and quality of Canastra cheese. 137 
 138 
2. Materials and methods 139 
2.1. Sampling  140 
Samples from artisanal cheese processing environment were collected in 141 
three farms located in Medeiros city, Serra da Canastra region, in Minas Gerais state, 142 
Brazil (Table 1). 143 
The differences among producing farms are the scale of production, 144 
which, Farm 1 (F1) is the largest milk producer, with a Holstein herd and cheese daily 145 
production of 150 to 180 kg. On the other hand, Farm 2 (F2) has a herd composed 146 
by Holstein and Gir breed, and intermediate production (50 kg of cheeses/day) and 147 
Farm 3 (F3), with Holstein herd and small cheese daily production of 30 kg. 148 
The samples (Table 1) were collected in three farms producing, from raw 149 
materials (raw milk, whey and "pingo" – natural starter culture obtained from the 150 
previous day's production); artisanal processing environment (surface sponges 151 
moistened with 0.1% peptone water, which the collection was performed in an area 152 
of 100 cm2 from the tank, floor, cheesecloth and aging racks); and final product 153 
(ripened cheese). Duplicate samples were collected in the same day and after were 154 














Table 1 Samples description and codes analyzed in this study. 166 
N° Sample description Code 
1 STARTER CULTURE FARM1 STC.F1 
2 WHEY FARM1 WHE.F1 
3 MILK FARM1 MIL.F1 
4 CHEESE FARM1 CHE.F1 
5 STARTER CULTURE FARM2 STC.F2 
6 WHEY FARM2 WHE.F2 
7 MILK FARM2 MIL.F2 
8 CHEESE FARM2 CHE.F2 
9 STARTER CULTURE FARM3 STC.F3 
10 WHEY FARM3 WHE.F3 
11 MILK FARM3 MIL.F3 
12 CHEESE FARM3 CHE.F3 
13 TANK FARM1 TAN.F1 
14 FLOOR FARM1 FLO.F1 
15 CHEESECLOTH FARM1 CLO.F1 
16 AGING RACKS FARM1 RAC.F1 
17 TANK FARM2 TAN.F2 
18 FLOOR FARM2 FLO.F2 
19 CHEESECLOTH FARM2 CLO.F2 
20 AGING RACKS FARM2 RAC.F2 
21 TANK FARM3 TAN.F3 
22 FLOOR FARM3 FLO.F3 
23 CHEESECLOTH FARM3 CLO.F3 
24 AGING RACKS FARM3 RAC.F3 
 167 
 168 
2.2. DNA Extraction  169 
Total DNA extraction from the raw material and final product samples was 170 
performed using the PowerFood Microbial DNA Isolation kit (Mo Bio Laboratories, 171 
Inc., Carlsbad, CA, USA). Samples of raw materials and final product were 1-fold 172 




stomacher (Smasher, Biomériux, Inc., Hazelwood, MO, USA). The extraction protocol 174 
was applied to the pellet (12000 X g) of 2 ml of homogenate. The extraction of DNA 175 
from samples obtained from the processing environment (surface sponges) was 176 
carried out by Neoprospecta Microbiome Technologies (Florianópolis, SC, Brazil). 177 
 178 
2.3. 16S rRNA gene amplicon library preparation and sequencing 179 
The microbial diversity was studied by sequencing the V3-V4 amplified 180 
region of the 16S rRNA gene using 314F-806R primers (Wang et al., 2009; Caporaso 181 
et al., 2011). Preparation and sequencing of the library were performed as described 182 
recently (Christoffet et al, 2017). The amplicons were combined in an equimolar pool 183 
and sequenced on a MiSeq system platform. 184 
 185 
2.4. Bioinformatics data analysis 186 
Datasets were processed using QIIME 1.9.1. (Caporaso et al., 2011). The 187 
operational taxonomic units OTUs were clustered at 97% identity using open 188 
reference approaches (UCLUST algorithm) (Edgar, 2010), and taxonomical assign 189 
identity against bacterial Greengenes 16S rRNA database (McDonald et al., 2012) 190 
using RDP classifier (Wang et al., 2007) and PyNast (Caporaso et al., 2010) for align 191 
sequences. Alpha and beta diversity were performed on the QIIME (De Filippis et al., 192 
2014). 193 
 194 
2.5. Statistical analysis and plotting of data  195 
Statistical analysis and plotting were carried out in the XLSTAT version 196 
2015.2 (Adinsoft, Paris, France). Principal component analysis (PCA) was 197 
accomplished to highlight difference and display patterns in the datasets. For the 198 
PCA analysis, only OTUs at mostly genus and family level with abundance values 199 
above 0.1% in at least six samples were used. Autoscaling of data was performed 200 
before the analysis to give the variables the same relevance. Better separation of the 201 
samples was obtained through the use of Varimax rotation. PCA was performed with 202 
the software XLSTAT version 2015.2 (Adinsoft, Paris, France). The exploratory heat 203 
map was built to analyze taxonomic affiliation and sample clustering simultaneously 204 






3. Results  208 
The bacterial richness and the estimated diversity among samples of raw 209 
materials, the processing environment of artisanal cheeses and final product 210 
produced in Serra da Canastra region are showed in Table 2. 211 
The final product and raw material samples of the three farms showed a 212 
high diversity when compared to the surface sponges of processing environment. 213 
A high number of operational taxonomic units (OTUs) were observed in 214 
ripened cheese of F1 (1064). On the other hand, the surface of the milk tank (F1) 215 
showed the lowest number of OTUs (12). Samples of "pingo" and ripened cheese 216 
showed higher abundance of Fimicutes phylum, while in the whey and raw milk, were 217 
observed the dominance Firmicutes and Proteobacteria (Table S1). Moreover, in 218 
surface samples, there was the prevalence of Proteobacteria in cheesecloth; 219 
Firmicutes and Proteobacteria in milk tank; Proteobacteria and Actinobacteria, in 220 
floor; and Firmicutes and Actinobacteria, in aging racks. 221 
The relative abundance of bacterial classes was higher for Bacilli in starter 222 
culture, cheese and tank samples, according to Table S2. The classes Bacilli and 223 
Gammaproteobacteria were abundant in whey and milk samples. 224 
Gammaproteobacteria was also dominant in cheesecloth, and in the floor was 225 
observed the prevalence of Gammaproteobacteria and Actinobacteria. In aging 226 
racks, Bacilli and Actinobacteria were the classes more abundant.   227 
The distribution of most abundant order according to raw materials, 228 















Table 2 The number of OTUs, Chao1, Shannon and estimated sample coverage 241 
(Good‟s coverage) - ESC  indices obtained for all sample.  242 
N° Code OTUs Chao1 Shannon ESC 
1 STC.F1 666 762.65 5.87 0.983 
2 WHE.F1 910 133.95 4.66 0.992 
3 MIL.F1 623 830.09 4.10 0.995 
4 CHE.F1 1064 1427.00 5.26 0.990 
5 STC.F2 691 946.02 4.27 0.993 
6 WHE.F2 720 948.04 5.08 0.991 
7 MIL.F2 472 757.79 5.79 0.973 
8 CHE.F2 896 117.92 4.17 0.994 
9 STC.F3 564 857.32 2.12 0.996 
10 WHE.F3 443 755.71 2.07 0.994 
11 MIL.F3 141 191.40 4.52 0.926 
12 CHE.F3 857 116.45 3.70 0.990 
13 TAN.F1 12 213.33 3.30 0.600 
14 FLO.F1 72 151.61 5.90 0.622 
15 CLO.F1 73 245.25 3.55 0.888 
16 RAC.F1 120 188.14 4.69 0.963 
17 TAN.F2 41 691.11 4.77 0.762 
18 FLO.F2 234 361.57 3.93 0.984 
19 CLO.F2 95 176.66 3.51 0.953 
20 RAC.F2 181 221.83 4.73 0.993 
21 TAN.F3 43 85.00 4.78 0.678 
22 FLO.F3 51 87.25 5.29 0.690 
23 CLO.F3 87 202.90 4.19 0.923 






















Figure 1 Abundance (in percent) of all bacterial orders in different samples: (A): Milk, 261 
Starter Culture (STC), Whey Farm (WHE) and Cheese (CHE) samples. (B): Tank 262 
(TAN), Floor (FLO), Cheesecloth (CLO), Aging Racks (RAC); collected from F1= 263 





















































































































































































































The samples of starter culture cheese and milk tank presented dominance 265 
of Lactobacillales. In the whey samples, the prevalent orders were Lactobacillales 266 
and Enterobacteriales, as well as in raw milk, including Pseudomonadales. On the 267 
other hand, the surface samples of floor, cheesecloth and aging racks showed higher 268 
abundance of Pseudomonadales, Actinomycetales and Bacillales. 269 
 270 
 271 
Figure 2 Heat map showing of microbial diversity (genus level) and clusterization of 272 
raw materials and cheese samples based on their bacterial composition. Starter 273 
culture (STC), whey (WHE), milk (MIL), cheese (CHE); collected from Farm 1 (F1); 274 
Farm 2 (F2) and Farm 3 (F3). The color key represents the scaled abundance of 275 
each variable, with green indicating high abundance and red, indicating low 276 
abundance. 277 
 278 
Higher levels of lactic acid bacteria (LAB) were observed in cheeses, whey 279 
and starter culture (Figure 2). The main genera were Lactobacillus, Streptococcus, 280 




(Pseudomonas, Staphylococcus, Pasteurella, Enterobacter, Klebsiella, 282 
Acinetobacter) was observed mainly in raw milk samples from Farms 2 and 3, whey 283 
from Farm 2 and natural starter culture from Farm 1. 284 
According to Figure 3, floor surface samples showed a high abundance of 285 
possible contaminants belonging to families Clostridiaceae, Aerococcaceae, 286 
Pseudomonadaceae and Pasteurellaceae. In addition, samples of cheesecloth 287 
showed the incidence of Moraxellaceae. Despite the presence of contaminants in 288 
artisanal cheese processing environment, a LAB microbiota was observed on 289 
surfaces of milk tank. 290 
 291 
 292 
Figure 3 Heat map of microbial diversity (family level) and clusterization of surface 293 
samples based on their bacterial composition. The samples are: milk tank (TAN), 294 
floor (FLO), cheesecloth (CLO), aging racks (RAC); collected from Farm 1 (F1); Farm 295 
2 (F2) and Farm 3 (F3). The color key represents the scaled abundance of each 296 
variable, with green indicating high abundance and red, indicating low abundance. 297 
 298 
Principal Component Analysis (PCA) (Figure 4) showed the relationship 299 




starter culture from F2; whey, milk and cheese from F1; and cheese from F2, were 301 
separated showing the prevalence of Streptococcus and Lactobacillus, and another 302 
group composed by cheese, natural starter culture and whey from F3, with the 303 
dominance of Lactococcus. 304 
 305 
 306 
Figure 4 Principal component analysis diagram for the abundance of microbial taxa 307 
(mostly genus and family level) obtained by 16S rRNA gene sequencing analysis by 308 
samples: Milk (MIL), Starter Culture (STC), Whey (WHE) and Cheese (CHE) 309 
samples, collected from F1= Farm 1; F2= Farm 2; F3= Farm 3. Only OTUs with 310 
abundance values above 0.3% in at least five samples are shown. 311 
 312 
The PCA of surface sponges showed a separation of cheesecloth samples 313 
from farms 1, 2 and 3 and the floor samples from farms 1 and 2, with the prevalence 314 
of Acinetobacter. However, another clustering of the aging racks samples from farms 315 
2 and 3, including the floor from farm 3, showed the dominance of Brevibacterium 316 











































































Figure 5  Principal component analysis diagram for the abundance of microbial taxa 319 
(mostly genus and family level) obtained by 16S rRNA gene sequencing analysis by 320 
samples: Tank (TAN), Floor (FLO), Cheesecloth (CLO), Aging Racks (RAC), 321 
collected from F1= Farm 1; F2= Farm 2; F3= Farm 3. Only OTUs with abundance 322 
values above 0.3% in at least five samples are shown. 323 
 324 
4. Discussion 325 
In this study, we performed an investigation of the microbiota from 326 
artisanal cheese processing environment in Serra da Canastra region. Our results 327 
showed a higher microbial diversity in final product and raw materials.  328 
Milk microbial colonization occurs through different sources of 329 
contamination as teat surface, environment, feed and collection vessels related to 330 
hygiene conditions and the size of the farm (Gobbetti et al., 2018). Raw milk directly 331 
contaminates the vat milk with their microbiota or indirectly enriches the microbiota of 332 
the house (Gobbetti et al., 2018). In our study, the presence of Pseudomonadales, 333 
LAB and Enterobacteriales in raw milk sample was found, as well as reported by 334 
Montel et al. (2014). 335 
The natural starter culture used in the production of Canastra cheese 336 
showed differences in the microbiota of the producing farms. The main LAB genus 337 








































































Streptococcus and Lactobacillus in the Farm 2; Leuconostoc and Lactococcus in the 339 
Farm 3. 340 
There was a variety in the composition of the natural starter culture among 341 
the studied properties, although they are located in the same city. This variation can 342 
be explained by the technology of cheese production, herd, milk quality, hygiene, 343 
cheese factory, environmental, and others. Montel et al. (2014) reported that the 344 
inter-farm microbiota variability is wide, whereas the intra-farm variability level is less, 345 
except for the influence of the seasons. 346 
Previous study reported the isolation of LAB (Enterococcus faecalis, Lc. 347 
Lactis, Lb. plantarum, Lactobacillus paracasei, Lb. brevis, Enterococcus 348 
pseudoavium, and Aerococcus viridans) from natural starter culture of Campo das 349 
Vertentes cheese, produced in Minas Gerais state (Castro et al., 2016). On the other 350 
hand, in Canastra cheese, the natural starter culture was composed by Lactobacillus, 351 
Lactococcus and Streptococcus (Borelli et al., 2006). 352 
In traditional Divle Cave cheese, the microbial diversity was evaluated in 353 
the interior and outer part of cheese with the identification of Bacilli and 354 
Gammaproteobacteria classes, predominat in early stages of ripening (Budak et al., 355 
2016), as well as we found in Canastra cheese, with the dominance of Bacilli class. 356 
The diversity inside each cheese plant reflects the functional adaptations 357 
of microbial communities that inhabit different surfaces and the existence of facility-358 
specific “house” microbiota (Bokulich and Mills, 2013). 359 
Wooden shelves for maturation are considered a reservoir of superficial 360 
microflora and it can be transferred to cheese surface. The microbiota of these 361 
biofilms, brines and cultures are often complex with variance between dairies.  362 
Therefore, they have not been described, especially at strain level and 363 
subdominant populations (Montel et al., 2014).  364 
In the ripening shelves of Reblochon de Savoie cheese, yeasts, moulds 365 
and coryneform bacteria were dominant (Mariani et al., 2007). Moreover, in the 366 
ripening shelves of Canastra cheese, Halomonadaceae, Planococcaceae, 367 
Staphylococcaceae, Corynebacteriaceae and Brevinacteriaceae families were 368 
prevalent.  369 
The microbiota more abundant in environmental swabs from surfaces and 370 




Pseudoclavibacter helvolus, Pseudomonas spp., Psychrobacter sp., Acinetobacter 372 
sp. and Paracoccus marcusii (Stellato et al., 2015). 373 
In the floor sponges surface from Canastra processing environment, the 374 
main orders were Lactobacillales, Pseudomonadales and Actinomycetales in Farm 1, 375 
2 and 3, respectively. However, in the small-scale cheese production facilities of 376 
Camembert/Brie type, a microbiota composed mainly by Lactococcus spp., 377 
Pseudomonas spp., Staphylococcus spp., Microbacterium spp., Rhodococcus spp. 378 
was isolated in the production room floor to study the strains influence in the growth 379 
of Listeria monocytogenes (Schirmer et al., 2013).  380 
In Canastra cheese production is used a plastic container to put the raw 381 
milk and start the coagulation. Thus, we found the dominance of Lactobacillales 382 
order in these surface samples. 383 
The microbiota of the cheesecloth, used during the removal of whey and 384 
forming, was not reported. However, in our study, the main families found were 385 
Streptoccaceae, Moraxellaceae, at Farm 1; Neisseriaceae, Streptoccaceae, 386 
Moraxellaceae, Weeksellaceae at Farm 2 and Moraxellaceae and 387 
Pseudomonadaceae at Farm 3. 388 
This is the first report using a culture independent method to characterize 389 
the microbial diversity in the artisanal processing environment of Canastra cheese. 390 
These results showed differences in the microbiota from intra-farm and inter-farm 391 
samples, with the presence of contaminants, mainly in surface samples of the 392 
processing environment. Even though, the LAB was abundant in the majority of raw 393 
material and final product. This study provides the relation between the microbiota of 394 
processing environment and the quality and safety of the final product that can 395 
support the standardization of Canastra cheese production. 396 
 397 
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Table S1 Relative abundance of bacterial phylum inferred from 16S rRNA gene sequencing analysis samples: (A): Starter Culture 
(STC.F), Whey Farm (WHE.F),Milk Farm (MIL.F) and Cheese (CHE.F) samples.  (B): Tank (TAN.F), Floor (FLO.F), Cheesecloth 
(CLO.F),  Aging Racks (RAC.F). 
 STC.F1 STC.F2 STC.F3 WHE.F1 WHE.F2 WHE.F3 MIL.F1 MIL.F2 MIL.F3 CHE.F1 CHE.F2 CHE.F3 
Firmicutes 73.9 99.7 84.8 82.6 41.4 85.4 99.9 27.1 41.4 97.8 99.5 86.4 
Actinobacteria 4.8 0.2 13.0 0.1 0.0 12.2 0.0 0.3 1.5 0.0 0.2 1.9 
Proteobacteria 20.3 0.0 1.1 17.1 57.1 1.3 0.1 70.9 55.1 2.1 0.3 10.3 
Unassigned 0.0 0.1 1.0 0.2 1.3 1.0 0.0 0.1 0.0 0.1 0.1 1.4 
Bacteroidetes 0.7 0.0 0.1 0.0 0.2 0.1 0.0 1.5 1.3 0.0 0.0 0..0 
Cyanobacteria 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 
Spirochaetes 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Tenericutes 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 
(A) 
 
 TAN.F1 TAN.F2 TAN.F3 FLO.F1 FLO.F2 FLO.F3 CLO.F1 CLO.F2 CLO.F3 RAC.F1 RAC.F2 RAC.F3 
Firmicutes 75 46.4 54 36.9 16.3 29.9 40.6 27.9 9.2 90.4 34 7.9 
Proteobacteria 15 51.5 31 49.2 74.7 21.6 58.7 63.8 88.6 7.3 3.3 1.3 
Actinobacteria 10 1 13.8 10.7 8.4 47.4 0.4 1.4 0.5 2.2 61.5 90.7 
Bacteroidetes 0 1 1.1 3.3 0.6 1 0.2 6.7 1.8 0.1 0 0 
Unassigned 0 0 0 0 0.1 0 0 0.1 0 0 1.3 0.1 





Table S2  Relative abundance of bacterial classes inferred from 16S rRNA gene sequencing analysis samples: (A): Milk, Starter 
Culture (STC.F), Whey Farm (WHE.F) and Cheese (CHE.F) samples.  (B): Tank (TAN.F), Floor (FLO.F), Cheesecloth (CLO.F), 







 STC.F1 STC.F2 STC.F3 WHE.F1 WHE.F2 WHE.F3 MIL.F1 MIL.F2 MIL.F3 CHE.F1 CHE.F2 CHE.F3 
Bacilli 71.1 99.7 84.8 82.5 41.4 85.4 99.9 26.4 38.9 97.7 99.5 86.3 
Actinobacteria 4.8 0.2 13 0.1 0 12.2 0 0.3 1.5 0 0.2 1.9 
Gammaproteobacteria 19.8 0 1 17.1 57 1.3 0.1 69.1 50.1 2 0.3 10.3 
Clostridia 2.6 0 0 0.1 0 0 0 0.7 2.5 0.1 0 0.1 
Unassigned;Other 0 0.1 1 0.2 1.3 1 0 0.1 0 0.1 0.1 1.4 
Alphaproteobacteria 0.4 0 0 0 0 0 0 1 1.8 0 0 0 
Betaproteobacteria 0.1 0 0 0 0 0 0 0.7 3 0 0 0 
Flavobacteriia 0.2 0 0.1 0 0.2 0.1 0 0.9 0.8 0 0 0 
Bacteroidia 0.4 0 0 0 0 0 0 0.3 0.5 0 0 0 
Methanobacteria 0 0 0 0 0 0 0 0 0.2 0 0 0 
Sphingobacteriia 0.1 0 0 0 0 0 0 0.2 0 0 0 0 
Oscillatoriophycideae 0 0 0 0 0 0 0 0 0.2 0 0 0 
Erysipelotrichi 0.2 0 0 0 0 0 0 0 0 0 0 0 




 TAN.F1 TAN.F2 TAN.F3 FLO.F1 FLO.F2 FLO.F3 CLO.F1 CLO.F2 CLO.F3 RAC.F1 RAC.F2 RAC.F3 
Bacilli 75 46.4 52.9 36.9 16.3 20.6 40.4 27.8 9.2 90.4 34 7.8 
Gammaproteobacteria 15 25.8 21.8 40.2 74.2 16.5 57.9 62.9 87.1 6 3.3 1 
Actinobacteria 5 1 6.9 9 8.4 45.4 0.4 1.4 0.3 2.2 61.5 90.7 
Alphaproteobacteria 0 22.7 6.9 7.4 0.3 3.1 0.8 0.4 1.5 1 0 0.3 
Rubrobacteria 5 0 6.9 1.6 0 2.1 0 0 0.2 0 0 0 
Flavobacteriia 0 1 1.1 3.3 0.6 0 0.2 6.7 1.5 0.1 0 0 
Clostridia 0 0 1.1 0 0 9.3 0.2 0.1 0 0 0 0.1 
Betaproteobacteria 0 3.1 2.3 1.6 0.2 2.1 0 0.6 0 0.3 0 0 
Unassigned;Other 0 0 0 0 0.1 0 0 0.1 0 0 1.3 0.1 
Bacteroidia 0 0 0 0 0 1 0 0 0 0 0 0 







































Métodos independentes de cultivo são reconhecidos como uma 
ferramenta importante para o estudo, detecção, identificação e monitoramento de 
micro-organismos em matriz alimetar (Ercolini et al., 2001; Ercolini, 2013). 
O estudo da diversidade microbiana durante a fabricação e a maturação 
do queijo, e a correlação entre a ocorrência de determinadas espécies e/ou cepas 
bacterianas e as propriedades sensoriais do produto final é um dos principais 
interesses dos microbiologistas de alimentos (Randazzo et al., 2009).  
No Brasil, a diversidade microbiana de queijos artesanais é raramente 
relatada na literatura. Sendo assim, realizamos um “screening” em larga escala da 
ecologia microbiana de diferentes tipos de queijos artesanais produzidos no Brasil. A 
microbiota “core” dos queijos artesanais brasileiros foi caracterizada pela primeira 
vez, composta principalmente pelos gêneros BAL (Enterococcus, Lactobacillus, 
Lactococcus, Leuconostoc, Streptococcus), além de contaminantes microbianos 
como Enterobacteriaceae e Staphylococcus. Diferenças na composição da 
microbiota foram verificadas, possivelmente ligadas à diversidade inter-regional nas 
práticas de fabricação e nas matérias-primas utilizadas. As BAL são essenciais para 
a etapa de maturação e a garantia de segurança do queijo Minas artesanal, 
contribuindo para o sabor do queijo (Castro et al., 2016). 
A microbiota presente no ambiente de processamento do queijo artesanal 
Canastra também foi estudada pela primeira vez. A diversidade dentro de cada 
queijaria reflete as adaptações funcionais das comunidades microbianas que 
habitam diferentes superfícies e a existência da microbiota “house” específica da 
instalação (Bokulich and Mills, 2013). Além disso, os ambientes de processamento 
de queijos foram investigados, como possível fonte de micro-organismos envolvidos 
beneficamente na fabricação de queijo ou potenciais deteriorantes (Stellato et al., 
2015). 
Este estudo apresentou a diversidade microbiana através do 
sequenciamento de amplicons em amostras superficiais de piso, pano de 
dessoragem, tanque do leite e prateleira de maturação, nunca exploradas 








O estudo da ecologia microbiana em 578 amostras de queijos artesanais 
brasileiros mostrou perceptíveis diferenças geográficas e tecnológicas na microbiota. 
As BAL predominaram em todos os queijos, embora a presença de alguns 
contaminantes tenha ocorrido nos queijos do Norte, Nordeste e Centro. Portanto, a 
presença de potenciais micro-organismos patogênicos no queijo pode estar 
associada à contaminação pós-processamento. 
A microbiota presente no ambiente de processamento do queijo artesanal 
Canastra mostrou a prevalência de BAL (Lactobacillus, Streptococcus, Lactococcus 
e Leuconostoc) na cultura starter natural e no queijo curado. Por outro lado, 
possíveis contaminantes como Pseudomonas, Staphylococcus, Pasteurella, 
Enterobacter, Klebsiella e Acinetobacter, foram encontrados em amostras de leite 
cru, piso e pano de dessoragem. Diferenças também foram observadas entre 
amostras provenientes da mesma fazenda e de diferentes fazendas. Os resultados 
obtidos são fundamentais para fortalecer as características de qualidade e 
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